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INTRODUCTION 

During the past decade, two synthetic retinoids have 
been introduced into the clinical practice of dermatol- 
ogy. Isotretinoin [ 1 3-m-retinoic acid (Accutane)] is 
widely used for the treatment of severe cystic acne, and 
etretinate (Tegison) is used either alone or in combina- 
tion with other agents for the treatment of psoriasis, par- 
ticularly the erythrodermic and pustular varieties. In ad- 
dition, these retinoids are effective in the treatment of 
many cutaneous disorders of keratinization. In many of 
these diseases, etretinate is more effective than isotreti- 
nom. Evidence in several reports indicates that synthetic 
retmoids are effective in preventing skin cancer, and to a 
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lesser extent in its treatment. Isotretinoin and etretinate 
differ not only in their spectra of clinical efTicacy, but 
also in their observed toxicities and pharmacokinetics. 
This indicates that each retinoid should be studied as a 
unique drug, and that the lack of a disease response to 
one retinoid does not equate with unresponsiveness to 
all retinoids. 

In addition to the synthetic retinoids, a naturally oc- 
curring metabolite of retinol, alI-//-(3/7.s-retinoic acid (RA; 
tretinoin), has been used clinically in the treatment of 
several dermatoses (Stuttgen, 1975; Kligman et al., 
1969), and is currently accepted as standard topical 
therapy for acne vulgaris. Early experience with the 
systemic use of tretinoin was limited by its toxicity 
(Stuttgen, 1975). However, its recent use as a 
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difTeren^iation-ifiducing agent for acute promyelocytic 
leukemia has led lo renewed interest in this retinoid 
(Breitman et al., 1 980; Huang et al., 1988), 

The discovery of these agents represents the culmina- 
tion of a decade of clinical and laboratory investigation 
into the therapeutic spectrum and mechanisms of action 
of retinoids in the skin. Dermatologic interest in reti- 
noids arose 50 years ago from the use of oral vitamin A 
as therapy for a variety of dermatoses. This interest was 
initially based on: ( 1 ) the similarity of the follicular kera- 
toses seen in vitamin A deficiency to those in Darier's 
disease (keratosis follicularis) and pityriasis rubra pilaris; 
and (2) reports of low levels of serum retinol in these 
conditions (Peck et al., 1941; Porter, 1951). 

Vitamin A deficiency provides a conceptual link in 
understanding how retinoids may be effective as treat- 
ment agents for a wide range of derm'atologic disorders. 
Vitamin A deficiency is characterized by squamous 
metaplasia of a variety of epithelia, with increased cell 
proliferation and hyperkeratosis. These changes are also 
features of some benign dermatoses, such as psoriasis. 
Once the beneficial effects of oral vitamin A had been 
obser\'ed, its use spread to the treatment of other diseases 
of the epidermis and epidermal appendages, including 
acne and basal cell carcinoma. Since the syndrome of 
hypervitaminosis A interfered with long-term treatment 
with vitamin A, the need arose for synthetic derivatives 
that could be at least as efficacious as vitamin A and yet 
be less toxic. The uses of isotretinoin and etretinate, as 
described above, represent the initial developments of 
this concept in clinical practice. With the dramatic re- 
sponse of several previously treatment-resistant derma- 
toses, and the wide spectrum of benign and malignant 
conditions noted to be at least partially responsive, the 
retinoids have ushered in a new era in the therapy of skin 
disease. 

BIOLOGIC EFFECTS OF RETINOIDS 
ON THE SKIN 

The general mechanisms of retinoid action relevant to 
the use of these substances in dermatology are consid- 
ered at great length elsewhere in this book, and will not 
be discussed further here. The reader should consult the 
various chapters dealing with cellular retinoid-binding 
proteins, nuclear receptors for retinoids, and the cellular 
biology and biochemistry of retinoids for specific details. 

Epidermal Differentiation (Keratinization) 
Transport of Retinoids to the Epidermis 

The exposure of the epidermis to a retinoid depends 
not only on the retinoid concentration in the plasma but ' 
also on the tissue penetration, cellular uptake, and intra- 



cellular metabolism of the retinoid (Vahlquist and 
Torma, 1988). The release of retinol from its physiologic 
transport protein, retinol-binding protein (RBP), is prob- 
ably mediated by cell-surface receptors that recognize 
RBP and have been demonstrated in human epidermis 
(Torma and Vahlquist, 1984). 

Metabolism of Retinoids in the Epidermis 

Although tlte active tissue metabolites and the mecha- 
nisms of degradation and removal of many retinoids 
from epithelial tissues are unknown, a number of reti- 
noid metabolites have been identified. In human epider- 
mis, retinol is converted to 3,4-didehydroretinoI. This 
metabolite has been observed to accumulate in psoriasis 
and several other disorders of keratinization (Vahlquist 
and Torma, 1988). Isotretinoin, but not aromatic reti- 
noids such as etretinate and acitretin, inhibits this con- 
version to 3,4-didehydroretinoI in epidermis and, more 
extensively, in sebaceous glands (Vahlquist and Torma, 
1991). A small amount of retinoic acid (RA) is formed 
from retinol in tissues, including the epidermis. This RA 
is quickly converted to other metabolites (Ziie, 1980; 
Connor and Smit, 1987). The formation of RA from 
retinol is greater in differentiating than in nondifferen- 
tiated keratinocytes, and is greater in the hyperprolifera- 
tive epidermis of the psoriatic plaque than in normal 
human skin (Siegenthaler and Saurat, 1 99 1 ). Higher lev- 
els of cellular retinol-binding protein (CRABP) and of 
nuclear retinoic acid receptors (RARs) have also been 
observed in differentiating keratinoc>les. In addition to 
the alUrans form of RA, \3-cis-RA (isotretinoin) is a 
naturally occurring metabolite of retinol that is only pres- 
ent in tissues in small quantities (Frolik, 1981). Meta- 
bolic products of isotretinoin have also been identified. 
The identification of a series of nuclear receptors for the 
retinoids raises the possibility that a variety of retinoid 
metabolites may interact with different receptors. These 
interactions may vary between different tissues. 

Morphologic Effects 

Since Fell and Mellanby ( 1 953) initially observed the 
inhibition of keratinization in chick embryo skin and its 
subsequent transformation into a mucous-secreting 
structure by retinol, many studies have been concerned 
with the mode of action of retinoids on a variety of epi- 
thelia. The initial effects of retinoids are focal and revers- 
ible, selectively altering the differentiation of germina- 
tive layers of epithelia. 

The morphologic changes observed in cultures of em- 
bryonic chick skin exposed to M-trans-RA (tretinoin) 
were reversible and both dose- and time-dependent. Ke- 
ratinization was inhibited, and fewer desmosomes and 
tonofilaments were seen. Golgi elements, rough endo- 



plasmic reticulum, and polyribosomes were unusually 
prominent. Mucin granules formed and gland-like struc- 
tures developed with intercellular canaliculi character- 
ized by light junctions, brush borders, and dense secre- 
tory contents (Peck etal., 1977). 

Several possible mechanisms were considered by 
which RA could alter epidermal differentiation in this 
system. Retinoic acid-induced gaps in the basal lamina 
allowed direct contact between epidermal basal cells and 
fibroblasts and collagen fibers, which could result in inap- 
propriate dermal signals reaching the epidermis. In 
younger embryos the entire epidermis, including the mi- 
totically inactive surface cells, appeared to respond to 
RA, which could imply an epigenetic modulation of cell 
phenotype. Finally, after the formation of a stratum cor- 
neum in older embryos, only the rejatively undifferen- 
tiated basal layer showed a metaplastic'response, indicat- 
ing that RA could be acting directly on the genome (Peck 
et al., 1977). The ability of retinoids to exert their effects 
directly on the genome is supported by the upregulalion 
of the gene for RAR-/?, as documented in RA-induced 
glandular metaplasia of embryonic mouse lip vibrissae 
(Viallet et al., 1991). 

In contrast to their observed effects in embryonic 
chick skin, retinoids do not produce mucous metaplasia 
m postembr>'onic mammalian epidermis, although 
minor metaplastic changes (formation of microvilli, 
Golgi apparatus, and secretory granules) were observed 
when rat external-ear-canal explants were treated with a 
reiinoid-supplemenled medium (Liauw et al., 1991). 
However, both. oral and topical retinoids profoundly af- 
fect epidermal morphology. Topical RA enhances cell 
proliferation and hyperplasia, leading to epidermal acan- 
thosis. Initially, after the application of both topical and 
oral retinoids, there is diminution of the granular layer, 
but with long-term administration, pronounced hyper- 
granuiosis occurs (Elias and Williams, 1981). Retinoid 
treatment decreases the cohesiveness of the stratum cor- 
neum. with resultant impaired function of the permeabil- 
ity barrier and increased transepidermal water loss and 
enhanced fragility of the upper epidermis (Elias et al., 
1981a). This interference with permeability-barrier 
function enhances the percutaneous absorption of topi- 
cal agents, which may be either therapeutically beneficial 
or potentially toxic from unsuspected drug absorption 
(Friisch et al., 1981). 

Ultrastructurally, retinoid treatment of the epidermis 
results in decreased numbers of tonofilaments and des- 
mosomal attachments; the emergence of tight junctions; 
an increased number of keraiinosomes, mitochondria, 
nbosomes, and endoplasmic reticulum; and an in- 
creased amount of amorphous material that is seen 
within widened intercellular spaces (Fritsch, 1981; Wil- 
liams and Elias, 198 1). 

The histologic effects of etretinate in psoriatic skin in-' 
eluded regression of the inflammatory cell infiltrate, the 
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extracellular accumulation of an amorphous material 
considered by some to be mucus-like, an increase in the 
size and number of keratohyalin granules, a widened in- 
tercellular space, the reappearance of the stratum cor- 
neum layer where it had been diminished, and the re- 
gression to normal of other pathologic changes, not only 
in the epidermis but also in the dermis, particularly the 
appearance of the capillaries of the dermal papillae 
(WardetaL, 1983). 

The histologic changes in hairless mice receiving etret- 
inate and in patients with disorders of keratinization 
treated with isotretinoin were similar. The stratum cor- 
neum appeared loose, disorganized, and fragmented, 
and demonstrated patchy areas of reduced thickness. 
Desmosomes were lost as a result of shedding of these 
structures at the level of the stratum spinosum (Williams 
and Elias, 1981). Consequently, desmosomes were ab- 
sent from many regions in the stratum granulosum. Peri- 
nuclear and intercellular deposits of amorphous material 
that did not stain with mucin stains were present. 

A dramatic reduction in the size and number of des- 
mosomes was observed in a freeze- fracture analysis of 
keratinocyte membranes in patients with psoriasis 
treated with etretinate (Kitajima and Mori, 198 3). This 
reduction in desmosomal size and number (Williams 
and Elias, 1981), which was particulariy evident in the 
stratum comeum but was also observed in the stratum 
spinosum of both lesional and nonlesional skin, ap- 
peared to be of sufficient magnitude to contribute signifi- 
cantly to the keratolytic effect of retinoids in hyperkera- 
lotic disorders. Other factors, such as decreased 
tonofilaments and decreased glycocalyx cohesion, may 
also contribute to this effect. This keratolytic effect has 
also been observed in viiro, since retinoids cause in- 
creased shedding of squames from stratified cultures of 
human foreskin epidermal cells (McGuire ei aL, 1982). 

Treatment with oral retinoids induces fine granular, 
amorphous, mucus-like deposits within the epidermis. 
The nature of these deposits remains unclear. They ap- 
pear both within and between keratinocytes in the upper 
stratum spinosum, and persist into the stratum cor- 
neum. Through freeze-fracture analysis, this amorphous 
material was found to be associated with the openings of 
plasma-membrane vesicles. Transmission electron mi- 
croscopy showed no evidence of active secretion or en- 
docytosis. The amorphous material did not stain with 
the periodic acid-Schiff (PAS) or Alcian blue stains or 
with fluorescent lectins, and was thereby thought un- 
likely to be mucin or another glycoprotein (Williams and 
Elias, 1981). Therefore, the formation of these deposits is 
unlikely to represent mucous metaplasia. Moreover, 
mucous metaplasia could not be detected by lectin stain- 
ing, even when hairless mice were treated with a high 
dose of etretinate, such as 50 mg/kg/d. 

Lectin staining of mammalian epidermis revealsa pat- 
tern of increased sugar complexity during normal kera- 
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linocyte maiuration. Retinoids can disrupt this pattern 
without producing mucous metaplasia, but only at high 
doses and late in the course of treatment. For example, 
in etretinate-treated hairless mice, abnormalities in lec- 
tin staining developed only after 1 5 days of therapy. By 
that time dramatic alterations in epidermal structure 
and function had already occurred, including abnormal 
transepidermal water loss, mild acanthosis, and focal 
loss of stratification (Nemanic et aK, 1982* Elias et al 
1983). 

Both the accumulation of amorphous material and 
the diminution of desmosomes induced by retinoids 
seemed to be responsible for the enhanced fragility of the 
upper epidermis to friciional trauma. This enhanced fra- 
gility led to an intraepidermal cleavage plane that tra- 
versed intercellular spaces filled with the amorphous 
material and desmosome-depleted surfaces. Since kera- 
tinocytes containing these amorphous deposits seemed 
to be fragile, the intercellular deposits may have accu- 
mulated as a result of the rupture and leakage of cells 
containing the amorphous material. Additionally, it has 
been suggested that this amorphous material could be 
secondarv' to serum infiltration into the epidermis, with 
macropinocytosis accounting for the intracellular local- 
ization of the material (Ellis el al., 1982). 

Epidermal Cell Proliferation, Polyamines, Ornithine 
Decarboxylase 

The changes in cell-kinetic parameters induced in 
hairless mice by etretinate (l-lO mg/kg/d) were dose- 
dependent and consisted of transitory cellular hyper- 
trophy, persistent epidermal hyperplasia, and increased 
labeling indices. The mean basal cell generation time 
was greatly accelerated, owing to a shortening of all of 
the cell-cycle phases that were tested (Fritsch et al., 
1981). The fraction of noncycling basal cells was reduced 
dunng etretinate therapy. The nuclear enlargement and 
increase in labeling indices occurred before the onset of 
retinoid-induced desquamation of the horny layer, indi- 
cating that these events were not simply secondary to the 
mitogenic stimulus that occurs after loss of the stratum 
corneum. an effect observed after stripping of the skin 
with adhesive tape. 

It may at first seem paradoxical that diseases such as 
psoriasis and lamellar ichthyosis, which are character- 
ized by a hyperproiiferative epidermis, can benefit from 
drugs such as the retinoids, which can stimulate epider- 
mal proliferation under certain experimental conditions. 
However, when tested in patients with psoriasis, etreti- 
nate led to decreased ornithine decarboxylase activity, 
decreased levels of urinary and cutaneous polyamines, 
and decreased epidermal deoxyribonucleic acid (DNA) 
synthesis (Kaplan et al.. 1983). 

The concentrations of polyamines and activity of their 
rate-limiiingenzyme ornithine decarboxylase (ODC) are 



increased in untreated psoriatic skin. Since retinoids 
were known to interfere with the activity of ODC and 
with polyamine biosynthesis in experimental cutaneous 
carcinogenesis, it was anticipated that retinoids would 
lead to similar effects in psoriasis. Within 4 weeks of 
etretinate therapy, cutaneous levels of ODC activity and 
polyamines were significantly reduced in both the dis- 
eased and uninvolved skin of patients with psoriasis 
(Lowe et al., 1982; Lauharanta et al., 1 98 1 a; Kaplan et 
al., 1983). The 'decelerated polyamine biosynthesis in 
psoriasis was normalized prior to any significant inhibi- 
tion of epidermal DNA synthesis. Oral etretinate also led 
to a dose-dependent decrease in the urinary excretion of 
polyamines in psoriasis patients. Mean putrescine levels 
had fallen by 27%, those of spermidine by 34%, and 
those of spermine by 37% at the end of a 16-week treat- 
ment period, indicating an inhibition of polyamine bio- 
synthesis (Grekin et al., 1983). It is known that clinical 
improvement in psoriasis, by whatever therapy, reduces 
the cutaneous and urinary levels of polyamines, suggest- 
ing that these changes are secondary to disease 
improvement. 

Epidermal Transglutaminase Activity and Cornified 
Envelope Formation 

Transglutaminase is a calcium-dependent, cytosolic 
enzyme that catalyzes the formation of the (7-glutamyl- 
lysine) dip>eptide bond in the cross-linked, cornified en- 
velope in epidermal cells, and is therefore a critical regu- 
lator of epidermal differentiation. During terminal 
differentiation of the epidermis, membrane-bound, ker- 
atinocyte-specific, epidermal (type I) transglutaminase- 
K catalyzes the cross-linking of involucrin and other 
proteins (loricrin, keratolinin) to form the cornified en- 
velope. Several reports indicate that retinoids inhibit 
transglutaminase activity and formation of the cornified 
envelope. For example, RA at physiologic concentra- 
tions completely blocks the synthesis of messenger ribo- 
nucleic acid (mRNA) for loricrin (Hohl et al., 1991). 
Retinyl acetate suppresses the ability of cultured kerati- 
nocytes, derived from a human squamous-cell carci- 
noma, to form cross-linked envelopes at the cell periph- 
ery (Rice et aL, 1983). Cell-envelope protein production 
was also inhibited by the retinoidal benzoic acid deriva- 
tive (£*)-4-[2-(5,6,7,8-letrahydro-5,5,8,8-ietramethyl-2- 
naphthalenyl)-l-propenyl]benzoic acid (TTNPB) ethyl 
ester (Stadler el al.. 1984). Another mechanism by which 
RA interferes with cornification is by suppressing the 
expression of epidermal transglutaminase (Floyd and 
Jetten, 1989). In keratinocyie cell cultures, RA markedly 
reduces the immunostaining and enzyme activity of 
transglutaminase- K (Griffiths et al., 1992). In contrast, 
RA cream, when applied to normal human skin in vivo 
for either 4 days under occlusion or 4 months in the 
treatment of photodamaged skin, increases the protein 



expression.'and enzyVnatic activity of iransglulaminase- 
K without increasing its mRNA levels. This indicates a 
lack of correlation between in vitro and in vivo findings 
with regard to effects of RA on the epidermis, possibly 
owing to the presence in human skin of cytokines or 
growih factors that could modify the effects of RA. In 
other studies, retinoids inhibited the activity of transglu- 
taminase type I in squamous cell carcinoma cells of the 
head and neck and in tracheobronchial epithelial cells 
(Poddar et al., 1991; Nervi el al., 1991), but led to in- 
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Cyciic Adenosine Monophosphate, Protein Kinases, 
Epidermal Growth Factor 

Retinoids have effects on epidermal proliferation and 
keratinization. It is well known that agents that increase 
the cellular concentration of cyciic AMP (cAMP) also 
increase epidermal cell proliferation, and that pretreat- 
ment with RA enhances this eflect (Vahlquist and Torma, 
1988). This activity may be mediated by cAMP- 
dependent protein' kinases whose activity is increased 



piasmic reticulum, and polyribosomes were unusually 
prominent. Mucin granules formed and gland-like struc- 
tures developed with intercellular canaliculi character- 
ized by tight junctions, brush borders, and dense secre- 
tory contents (Peck et aL, 1977). 

Several possible mechanisms were considered by 
which RA could alter epidermal differentiation in this 
system. Retinoic acid-induced gaps in the basal lamina 
allowed direct contact between epidermal basal ceils and 
fibroblasts and collagen fibers, which could result in inap- 
propriate dermal signals reaching the epidermis, in 
younger embr>'os the entire epidermis, including the mi- 
lotically inactive surface cells, appeared to respond to 
RA, which could imply an epigenetic modulation of cell 
phenotype. Finally, after the formation of a stratum cor- 
neum in older embryos, only the relatively undifferen- 
tiated basal layer showed a metaplastic response, indicat- 
ing that RA could be acting directly on the genome (Peck 
et al.. 1 977). The ability of retinoids to exert their effects 
directly on the genome is supponed by the upregulation 
of the gene for as documented in RA-induced 

glandular metaplasia of embryonic mouse lip vibrissae 
(Viallet et al., 1991). 

In contrast to their observed effects in embryonic 
chick skin, retinoids do not produce mucous metaplasia 
in postembryonic mammalian epidermis, although 
minor metaplastic changes (formation of microvilli, 
Golgi apparatus, and secretory granules) were observed 
when rat external-ear-canal explants were treated with a 
retinoid-supplemented medium (Liauw et al., 1991). 
However, both oral and topical retinoids profoundly af- 
fect epidermal morphology. Topical RA enhances cell 
proliferation and hyperplasia, leading to epidermal acan- 
thosis. Initially, after the application of both topical and 
oral retinoids, there is diminution of the granular layer, 
but with long-term administration, pronounced hyper- 
granulosis occurs (Elias and Williams, 1981). Retinoid 
treatment decreases the cohesiveness of the stratum cor- 
neum. with resultant impaired function of the permeabil- 
ity barrier and increased transepidermal water loss and 
enhanced fragility of the upper epidermis (Elias et al., 
1981a). This interference • with permeability-barrier 
function enhances the percutaneous absorption of topi- 
cal agents, which may be either therapeutically beneficial 
or poieniially toxic from unsuspected drug absorption 
(Fritsch et al.. 198 I). 
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extracellular accumulation of an amorphous material 
considered by some to be mucus-like, an increase in the 
size and number of keratohyalin granules, a widened in- 
tercellular space, the reappearance of the stratum cor- 
neum layer where it had been diminished, and the re- 
gression to normal of other pathologic changes, not only 
in the epidermis but also in the dermis, particularly the 
appearance of the capillaries of the dermal papillae 
(Wardet al., 1983). 

The histologic changes in hairiess mice recei vi ng etret- 
inate and in patients with disorders of keratinization 
treated with isotretinoin were similar. The stratum cor- 
neum appeared loose, disorganized, and fragmented, 
and demonstrated patchy areas of reduced thickness. 
Desmosomes were lost as a result of shedding of these 
structures at the level of the stratum spinosum (Williams 
and Elias, 1981). Consequently, desmosomes were ab- 
sent from many regions in the stratum granulosum. Peri- 
nuclear and intercellular deposits of amorphous material 
that did not stain with mucin stains were present. 

A dramatic reduction in the size and number of des- 
mosomes was observed in a freeze-fracture analysis of 
keratinocyle membranes in patients with psoriasis 
treated with etretinate (Kitajima and Mori, 1983), This 
reduction in desmosomal size and number (Williams 
and Elias, 1981), which was particularly evident in the 
stratum corneum but was also observed in the stratum 
spinosum of both lesional and nonlesional skin, ap- 
peared to be of sufficient magnitude to contribute signifi- 
cantly to the keratolytic effect of retinoids in hyperkera- 
totic disorders. Other factors, such as decreased 
tonofilaments and decreased glycocalyx cohesion, may 
also contribute to this effect. This keratolytic effect has 
also been observed in vitro, since retinoids cause in- 
creased shedding of squames from stratified cultures of 
human foreskin epidermal cells (McGuire et al., 1982). 

Treatment with oral retinoids induces fine granular, 
amorphous, mucus-like deposits within the epidermis. 
The nature of these deposits remains unclear. They ap- 
pear both within and between keratinocytes in the upper 
stratum spinosum, and persist into the stratum cor- 
neum. Through freeze-fracture analysis, this amorphous 
material was found to be associated with the openings of 
plasma-niembrane vesicles. Transmission electron mi- 
croscopy showed no evidence of active secretion or en- 
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rather than interfering with the initiation phase of carci- 
nogenesis, retinoids act later, during the promotion 
phase. Accordingly, retinoids are considered ''antipro- 
moting" agents. Tumor promoters, such as phorbol es- 
ters, the active agents in croton oil, increase the activity 
of ODC at an early phase of experimental carcinogenesis 
in skin (O'Brien, 1976; O'Brien et al., 1975). Ornithine 
decarboxylase is the rate-limiting enzyme in the synthe- 
sis of polyamines, which are involved in cell prolifera- 
tion and differentiation. Retinoids interfere with the abil- 
ity of phorbol esters to induce ODC (Verma and 
Boutwell, 1977). The degree to which they inhibit ODC 
was found to correlate with the ability of a particular 
retinoid to inhibit the development of skin papillomas 
(Verma et aL, 1979). 

Retinoids have a wide variety dPeffects on malignant 
transformation in vitro, reversing or suppressing trans- 
formation caused by chemical carcinogens, ionizing radi- 
ation, and transforming peptides such as sarcoma 
growth factor. Retinoids also interfere with virus- 
induced transformation, as evidenced by the effective- 
ness of etretinate in lesions of epidermodysplasia verru- 
ciformis, induced by the oncogenic human papilloma 
viruses (Lutzner and Blanchet-Bardon, 1980). 

Membrane Alterations 

Retinoids can induce cell-surface alterations that of- 
ten result in increased adhesiveness of the treated cells 
(Jetien ei ah, 1979; Hassell et al., 1979). Retinoids can 
alter membrane microviscosity and may interact directly 
with membranes (Jetten, 1 984). Another direct effect of 
retinoids on cell membranes is the production of gap 
junctions that allow ceil-to-cell coupling and facilitate 
.intercellular communication (Elias et ai., 1981a; Prut- 
kin. 1975). 

On a molecular level, cells exposed to retinoids de- 
velop alterations in their surface-protein profiles (Hassell 
et al., 1979; Lotan el al., 1980), increased protein glyco- 
sylation (DeLuca, 1977), modulated glycosaminoglycan 
synthesis (Jetten et al., 1979; Shapiro and Poon, 1979), 
and quantitative changes in the protein receptors on 
their surfaces (Jetten, 1984), 

Lysosomes 

Much of the early research on retinol emphasized its 
detergent-like effect on cell membranes. Free retinol, pos- 
sibly through insertion into cell membranes, can have a 
detergent-like effect that alters membrane microviscos- 
ity (Jetten, 1 984). In the blood, the bmding of retinol to 
its transport protein, reiinol-binding protein (RBP), 
minimizes this effect. One result of this detergent-like 
effect is the labilization of lysosomal membranes (Wang 



et al., 1976), which may result in lysosomal enzyme re- 
lease and subsequent retinoid-induced toxicity (Lazarus 
et al., 1975). The clinical toxicities of acute hypervita- 
minosis A are consistent with a detergent-like effect on 
cell membranes as the result of released lysosomal en- 
zymes. Current research, however, indicates that at thera- 
peutic doses, lysosomal labilization and subsequent cyto- 
toxicity are not responsible for most retinoid effects. For 
instance, in pityriasis rubra pilaris and in Darier's disease 
treated with oral isotretinoin, the specific activity of the 
lysosomal hydrolases cathepsin D and ^^-glucuronidase 
decreased significantly. This indicates that clinical re- 
missions of these diseases in patients treated with isotret- 
inoin are not due to an increased intracellular concentra- 
tion of lysosomal enzymes (Farb et al., 1980). In 
addition to promoting labilization, retinoids can have 
other effects on lysosomes. For example, the induction 
by RA of differentiation in embryonal carcinoma cells 
correlates with an increase in the synthesis and glycosyla- 
tion of lysosomal-associated membrane glycoproteins 
(Amos and Lotan, 1990).^ 

Gap Junctions 

Gap junctions are communication links that allow the 
passage of electrical signals, ions, and molecules between 
cells. These channels are probably important in the con- 
trol of tissue organization and growth. During the devel- 
opment of malignancy, the number of gap junctions de- 
creases (Weinstein et al., 1976). In response to retinoids, 
gapjunctions proliferate rapidly in neoplastic and embry- 
onic keratinizing epithelia. The rapidity of the response 
suggests that retinoids act on these structures through a 
direct effect (Prutkin, 1975; Elias and Friend, 1976). 

Another important effect of retinoid treatment is the 
stimulation of gap-junction hyperplasia and hyper- 
trophy in the epidermis (Elias and Williams, 1981). This 
stimulation occurs before other effects are observed, 
such as tight-junction proliferation. Gap-junction prolif- 
eration has been observed in vitro in embryonic chick 
skin exposed to RA, and in vivo in rabbit keratoacan- 
thoma and human basal cell carcinoma after the topical 
application of RA (Elias et al., 1981b). Moreover, RA 
increases the expression of the transmembrane protein 
connexin 43, a component of gap junctions, in both su- 
prabasalar epidermal cells and in dermal fibroblasts 
(Guoetal., 1992). 

Keratinocyte Membranes in Psoriasis 

The membranes of keratinocytes in psoriasis are ab- 
normal when examined by freeze-fracture analysis. Al- 
though etretinate can clinically eliminate psoriasis, it 
may not completely reverse these membrane abnormali- 



tiq?.. Even after the lesions in the disease were clinically 
resolved, etretinate had not reduced the supranormal in- 
tramembranous particle density in the fracture face of 
the protoplasmic half-layer (P face) of the spinous-cell 
plasma membrane (Kitajima and Mori, 1983). 

Cross- fractures of keratinocytes in the iesional skin fol- 
lowing treatment with etretinate revealed an increase in 
vesicular components, a considerable development of 
Golgi complex, and a decrease in tonofilaments. Cross- 
fractures of the cell boundaries showed an irregular ap- 
pearance, with microvilli and cell processes and widened 
intercellular spaces after etretinate therapy. The thick- 
ness of the granular layer was increased. The granular 
cells were nch in vesicles and poor in tonofilaments. The 
frequency of gap junctions is higher in psoriatic skin 
than in normal skin, particularly in the upper spinous 
layer. However, no significant changes in the size or fre- 
quency of gap junctions were found in psoriatic Iesional 
skin following isotretinoin treatment. Gap junctions 
were frequently noticed on the basal cell plasma mem- 
branes in nonlesional skin after treatment (Kitajima and 
Mori, 1983). 

Glycoconjuga te B iosyn thesis 

During vitamin A deficiency there is a decrease in the 
biosynthesis of carbohydrate-containing macromoie- 
cules m epithelial tissues (DeLuca, 1977, 1978). In vita- 
min A-deficient animals the synthesis of specific glyco- 
proteins can be stimulated by the addition of retinol 
(DeLuca. 1978). Changes in cell-surface glycoproteins 
following treatment with retinol have been related to 
changes m cell morphology and adhesiveness (Adamo et 
ai.. 1979). Retinoids can also modify glycolipid biosyn- 
thesis (Pan et al., 1978). 

Immune Function 
Neutrophils 

One of the first cellular events observed after the oral 
etretinate treatment of psoriasis was the loss of neutro- 
phil migration from dermal capillaries to the epidermis. 
Oral etretinate also inhibited the migration of neutro- 
phils out of suction-blister bases into overlying skin 
chambers in normal subjects (Dubertret et aL, 1982). 
Topically applied etretinate at 0.1 mg/ml also inhibited 
neutrophil migration in this system. However, neutro- 
phil migration is inhibited in psoriasis after clearing of 
skin lesions, whatever the treatment used. 

In addition to the foregoing eflects, topical isotreti- 
noin was effective in inhibiting the leukotriene B4- 
induced migration of polymorphonuclear leukocytes 
into normal skin (Wozel et al., 1991). This reversible 
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anti-inflammatory effect suggests that retinoids may be 
of value in treating neuirophil-dependent diseases, in ad- 
dition to acne and psoriasis. Retinoids also inhibit other 
discrete polymorphonuclear leukocyte functions in vi- 
tro. The incubation of neutrophils with retinoids causes 
a dose-dependent inhibition of oxygen production and 
chemiluminescence induced by phorbol myristate ace- 
tate and other agents, and of degranulation induced by 
A^-formyl-methionyl-leucyl-phenylalanine (Fumarulo et 
ah, 1 99 IX Retinoids may exert their anti-inflammatory 
effects by interacting with neutrophil membranes to in- 
hibit a variety of responses, such as lysosomal enzyme 
release and superoxide generation (Camisa et al., 1982). 

Langerhans Cells 

Langerhans cells are known to play a major role in 
immune reactions in the skin, and may also be involved 
in regulating epidermal differentiation. The distribution 
and number of Langerhans cells, as delected by monoclo- 
nal antibodies directed against human HLA-DR anti- 
gens and OKT6, and by cytochemical staining for ATP- 
ase, are altered in skin affected by psoriasis and are 
corrected after successful therapy with oral etretinate 
(Haftek et al., 1 983). It is not known whether this normal- 
ization of Langerhans cell distribution in psoriasis is due 
to a direct effect of etretinate or represents a secondary 
eflfect of correcting the altered epidermal differentiation 
in the disease. In contrast, other successful therapies in 
psoriasis, such as the use of ultraviolet light (UVB), psor- 
alen and long-wave ultraviolet light (PUVA), and treat- 
ment with topical corticosteroids, deplete Langerhans 
cells from the skin. Topically applied RA prevents both 
ultraviolet light and the tumor promoter phorbol acetate 
from reducing the density of Langerhans cells in the epi- 
dermis (Halliday et ai., 1992). 

Other Immune Effects of Retinoids 

Retinoids are generally thought to stimulate humoral 
and cellular immunity, but immune-inhibitory effects of 
these agents have also been observed (see Chapter 1 2 for 
a more complete discussion). Retinoids can act as adju- 
vants in immune reactivity enhancing antibody produc- 
tion in response to a variety of antigens, and have diverse 
effects on cell-mediated immunity. For example, treat- 
ment with isotretinoin in men with leukoplakia or 
Barrett's esophagus led to an increase in peripheral 
blood T-helper cells but not natural killer (NK) cells 
(Prabhala et al., 1991). Retinoids also inhibited the 
antigen-presenting properties of epidermal cells and of 
dendritic cells (Dupuy et al., 1989; Bedford and Knight, 
1989). Part of the antitumor and anti-inflammatory ef- 
fects of retinoids may be due to these immune effects 
(Denneri, 1984). 
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Connective Tissue 

Both isotretinoin and tretinoin inhibited collagenase 
and gelatinase production in skin fibroblast cultures de- 
rived from normal skin and from patients with recessive 
dystrophic epidermolysis bullosa (Bauer et al., 1982). 
The inhibition of collagenase activity was paralleled by a 
reduction in immunoreactive enzyme, suggesting that 
these retinoids act by inhibiting the synthesis or secretion 
of the enzyme, or both. Because of these findings, reti- 
noids were tested as therapeutic agents for recessive dys- 
trophic epidermolysis bullosa, a disease in which the 
pathogenesis of blistering is in part related to connective- 
tissue destruction. Low doses (0.4 mg/kg/d) of isotreti- 
noin were effective in reducing the numbers of bullae 
observed in three patients with sevei^^ recessive dystro- 
phic epidermolysis bullosa; however, higher doses in- 
creased the number of bullae owing to the superimposi- 
tion of mucocutaneous toxicity from isotretinoin 
(xerosis, pruritus, fragility) on the disease process 
(Cooper el al., 1985). The inhibition of type IV (base- 
ment membrane) collagen by retinoids has been docu- 
mented in human fibrosarcoma cells (Oikarinen, 1989). 
The inhibitory effect on collagen synthesis by retinoids 
acting as lipophilic antioxidants may be due to the inhibi- 
tion of ascorbate-induced lipid peroxidation, a process 
essential to normal collagen synthesis (Geesin et al., 

1990) . 

As with other biologic effects of retinoids, their actions 
on fibroblast function may vary with the cell type and 
culture conditions, the concentrations employed, thespe- 
cific retinoid studied, and interactions with other agents 
such as cytokines. Retinoids inhibit fibroblast prolifera- 
tion during exponential growth. In contrast, increased 
cell proliferation and collagen synthesis are noted when 
growth-inhibited fibroblasts are treated with RA (Varani 
et al., 1990). Retinoids affect fibroblast chemolaxis indi- 
rectly by decreasing the chemoattractive response to 
agents such as fibronectin and platelet-derived growth 
factor (PDGF). The effects of retinoids on fibroblasts 
can be modified by cytokines. For example, the retinoid- 
induced production of TGF-)3 in epidermal cells may 
alter the effects of retinoids on fibroblasts as well as colla- 
gen synthesis. In addition to normal fibroblasts, inhibi- 
tion of collagen synthesis by retinoids has been docu- 
mented in abnormal or diseased fibroblasts, such as 
those derived from keloids and hypertrophic scars, and 
from scleroderma patients (Stumpenhausen et al., 

1991) . 



Proteases and Prostaglandins 

Retinoids have been shown to affect proteases. Plas- 
minogen activator cleaves plasminogen to plasmin — the 
enzyme that catalyzes fibrinolysis. Plasminogen activa- 



tor may be important in tissue remodeling. The treat- 
ment of cell lines with retinoids can increase the secre- 
tion of plasminogen activator (Sherman et al., 1976; 
Wilson and Reich, 1978). Another protease, collagenase, 
has been observed to be suppressed by retinoids (Brinck- 
erhoff et al., 1980; Bauer et al., 1982). Inhibitory effects 
of retinoids on prostaglandin production in rheumatoid 
synovial cells have also been described (Brinckerhoff et 
al, 1980). 

Sebaceous Glands 

The effectiveness of retinoids in the treatment of acne 
may be a function of their effects on sebaceous glands 
and sebum production. Isotretinoin is the most effective 
retinoid in treating acne, as well in reducing sebaceous 
gland size and suppressing sebum production. During 
the culture of human sebocytes, isotretinoin and treti- 
noin were found to inhibit cell proliferation and total 
lipid synthesis (Zouboulis et al., 1 99 1 ). Although choles- 
terol synthesis was increased, there was a marked reduc- 
tion in wax and sterol esters, free fatty acids, and triglycer- 
ides. Sebaceous cell differentiation was also modified, 
with a reduced expression of OM-1 , a monoclonal anti- 
body marker of sebocyte differentiation, and alterations 
in keratin-protein expression. These effects of retinoids 
are presumably mediated by the nuclear RA receptors 
present within sebocytes, particularly RAR-a and -y and 
RXR-a (Doran et ah, 1991). Inhibition of the prolifera- 
tion of human sebaceous cells in vitro may be a useful 
predictive screen for the clinical efficacy of retinoids. Ret- 
inoids clinically efficacious for acne (isotretinoin, treti- 
noin) are active in this model system, whereas clinically 
ineffective retinoids (temarotene, etretinate) are inactive 
(Doran and Shapiro, 1990). 

CLINICAL STUDIES 

The profound clinical impact of the synthetic reti- 
noids was first observed and described in patients with 
dermatologic disease (Table I). Clinical efficacy ob- 
served with systemic tretinoin (Thomson and Milne, 
1969; Eriksen and Cormane, 1975; Stuttgen, 1975), a 
natural retinoid, preceded the use of the synthetic reti- 
noids. The development of the synthetic derivatives iso- 
tretinoin and etretinate, which had less toxicity than tret- 
inoin, generated interest in studies of a variety of 
dermatologic diseases. Initially, Orfanos and co-workers 
obtained equivocal results with isotretinoin in the treat- 
ment of psoriasis (Orfanos et al., 1972). Subsequently, 
etretinate, used alone (Ott and Bollag, 1 975) or in combi- 
nation with topical dithranol (Orfanos and Runne, 
1976), was found to be very effective for psoriasis. These 
findings led to the temporary abandonment of isotreti- 
noin. Interest in isotretinoin was rekindled after the dis- 
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Ta6lE 1. The spectrum of retinoid -responsive diseases 

Acne vulgaris and related acneform diseases 
Disorders of keratintzation 

The ichthyoses 

Darier s disease 

Pityriasis rubra pilaris 
Skin cancer and precancer chemotherapy and 

chemoprophylaxis 
Psoriasis vulgaris and its pustular and erythrodermic variants 
Miscellaneous cutaneous diseases 

Subcorneal pustular dermatosis 

Discoid lupus erythematosus 

Reiter's syndrome [with and without AIDS] 

Warts 

Lichen planus 
Cutaneous sarcoidosis 



covery that it was effective in the treatment of lamellar 
ichthyosis and other cutaneous disorders of keratiniza- 
tion (Peck and Yoder, 1976), as well as in producing 
complete responses with prolonged remissions in pa- 
tients with previously treatment-resistant cystic and 
conglobate acne (Peck et al., 1979), and partly effective 
in the treatment and prevention of basal cell carcinoma 
(Peck et al., 1978, 1982a). Subsequent to these initial 
findings, isotretinoin and etretinate, used alone or in 
combination with other agents, have proven successful 
in an expanding spectrum of skin diseases, such as lupus 
erythematosus and cutaneous T-cell lymphoma. After 
identifying the range of clinical efficacy (Table 1) and 
elucidating the toxicity (Table 2) of the retinoids in der- 
maiologic diseases, interest in these substances spread to 
other medical specialties such as rheumatology and 
oncology. 

Cystic Acne 

In 1976, patients with disorders of keratinization 
treated with oral isotretinoin were observed to develop 
dr>'ing and chapping of their facial skin resembling that 
seen with topical tretinoin. Because of this finding and 
the historic use of oral vitamin A and topical tretinoin in 
the treatment of acne, it appeared reasonable to treat 
acne with oral isotretinoin. In the first clinical trial, 14 
patients with previously treatment-resistant cystic acne 
responded dramatically to isotretinoin, at an average 
maximum dosage of 2.0 mg/kg body weight/d, and had 
an 85% mean reduction in lesion counts at the end of the 
4-month treatment period (Fig. I) (Peck et al., 1979). 
Thirteen of the patients went on to complete clearance of 
their acne after discontinuation of therapy, indicating 
that therapy need not be maintained until total improve- 
ment is observed. This continued healing was regularly 
followed by prolonged remissions. 

Cystic acne is unique among retinoid-responsive dis- 
eases in that most cases of even the greatest severity can 
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be successfully treated with only one 4- or 5-month 
course of isotretinoin at doses of 0.5 to 2.0 mg/kg body 
weight/d (Peck et al., 1982b). Only about one-third of 
acne patients require a second course, and only a few 
require additional therapy for complete clearance of 
their disease. Because of the continued healing seen after 
discontinuing therapy, 2-month treatment- free evalua- 
tion periods are useful in determining which patients re- 
quire additional therapy. Generally, patients with severe 



TABLE 2. Spectrum of retinoid toxicity 

Acute: 

Mucocutaneous 
Cheilitis 

Facial dermatitis 
Xerosis with pruritus 
Conjunctivitis 

Dry nasal mucosa with minor nosebleeds 

Stratum corneum fragility (peeling from minor trauma) 

Palmoplantar peeling 

Hair loss 

Dry mouth with thirst 
Paronychia; nail plate abnormalities* 
Stickiness of skin*; chills* 
Phototoxicity and photosensitivit/' 
Inflamed urethral meatus* 

Corneal opacities'' (reversible after discontinuation) 
Pyogenic granuloma-like lesions in acne*' 
Systemic: 
Headache* 

Arthralgias and myalgias* 

Teratogenicity (head, ear, heart, thymus abnormalities) 
Spontaneous abortion; premature births 
Pseudotumor cerebri^ (headache, papilledema) 
Mental depression** 
Inflammatory tx>wel disease^ 
Urticaria; vasculitis; erythema nodosum*' 
Idiopathic seizures'* 
Laboratory: 
Hyperlipidemia: 

Increased triglycerides. VLDL 

Increased cholesterol. LDL*; decreased HDL* 

Eruptive xanthoma^ 

Acute hemorrhagic pancreatitis^ 
Elevated liver function tests (transient, minor): 

AST, ALT, alkaline phosphatase, LDH. bilirubin 
Thrombocytosis*; thrombocytopenia^; leukopenia 
Hyperuricemia with gout*; hypercalcemia* 
Elevated CPK and myalgias after exercise* 
Chronic: 

Mucocutaneous — persistent, post-treatment: 

Dry eyes*, hair thinning** 
Systemic: 

Vertebral abnormalities resembling diffuse idiopathic 
Skeletal hyperostosis 
Osteophyte and bony bridge forniation 
Anterior spinal ligament caiciftcation 
Posterior spinal ligament calcification* 
Tendon and peripheral ligament calcification 
Premature epiphyseal closure 
L aboratory — none 

* Uncommon. 

* Rare. 
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cystic acne located predominantly on the trunk require 
higher doses of isotretinoin of up to 2.0 mg/kg/d, and 
longer treatment periods than do patients with facial 
acne. 

Although isotretinoin has proved to be the most effec- 
tive therapy for cystic acne, there is typically a lag period 
before the onset of the therapeutic effect. The usual time 
for a 50% decrease in the number of acne nodules and 
cysts on the face is 8 weeks of therapy, and on the trunk 
12 weeks. Of those patients whose acne clears com- 
pletely, most remain totally free of cysts. Some patients 
have an occasional cyst or two and varying amounts of 
papular acne at follow-up examinations. 

Relapses sufficient to require further therapy with iso- 
tretinoin have been reported in about 10 to 40% of acne 
patients (Cunliffe and Norris, 1987). The tendency to 
relapse is dose dependent (i.e., patients treated with 0. 1 
mg/kg/d have a much greater tendency to relapse than 
those treated with 1 .0 to 2.0 mg/kg/d; Jones et al.» 1983; 
Strauss et al.. 1984; Meigel et al., 1983; Plewig et aK, 
1 98 1 ). Relapses may also be age dependent, being more 
frequent in adolescents than in older patients, and may 
be related to the extent and severity of acne present prior 
to the initiation of therapy (Chivot and Midoun, 1990; 
Harms et al.. 1986). Cunliffe and co-workers state that 
the risk of relapse is small if it has not occurred within 3 
years of the initial course of therapy (Cunliffe et aL, 
1 99 1 ). They also find that relapse is less likely to occur if 
the sebum secretion rate has been suppressed by at least 
80% at the end of isotretinoin therapy. Funhermore, re- 
lapses are more likely to occur in those patients whose 
sebum secretion rate returns to within 1 0% of its baseline 
values after the cessation of therapy (Cunliffe and 
Norris. 1987). Relapses are generally mild: it is unusual 
for acne at the time of relapse to equal its pretreatmeni 
severity. When mild or moderate relapses occur, a trial 
of conventional acne therapy is often effective. If this 
fails, then additional treatment with isotretinoin may be 
indicated. 

Current dosage recommendations for isotretinoin, 
based on the results of early trials involving patients with 
severe cystic acne, are that 1 .0 mg/kg/d be used for 4 or 5 
months as an initial course of therapy. Although doses as 
low as 0.05 mg/kg/d were tested, a higher relapse rate 
with only a moderate reduction in incidence of side ef- 
fects was reported with these doses. These data argued 
against the usefulness of low doses in patients with severe 
cystic acne. It is possible, however, that patients with less 
severe forms of facial cystic acne, who are being treated 
earlier in order to minimize or prevent scarring and its 
psychosocial consequences (Rubinow et al., 1987), will 
respond comparably and with less toxicity to a dose level 
oro.5 mg/kg/d. 

A fter observing the continuing therapeutic benefit reg- 
ularly seen after the discontinuation of therapy with iso- 
tretinoin, an additional dosage schedule was designed. 



Comparable therapeutic results could be achieved if high 
initial doses ( i to 2 mg/kg/d) were given for only 2 weeks 
and followed by lower doses (0.25 to 0.5 mg/kg/d) for the 
remainder of a 16-week treatment period. The higher 
doses (2.0 mg/d followed by 0.5 mg/kg/d) were used for 
patients with predominantly truncal acne, and the lower 
doses (1.0 mg/d followed by 0.25 mg/kg/d) for those 
with facial acne. This high-low dosage schedule was supe- 
rior to both a 2-week high-dosage schedule followed by 
placebo, and to*5 constant low-dosage schedule. Specifi- 
cally, the constant low-dosage schedule (0.5 mg/kg/d) 
led to an initial 20% increase in the lesion count at 2 
weeks and, at the end of the 16-week treatment period, 
to only a 50% reduction in lesions. In contrast, the high- 
low dosage schedule did not increase the mean lesion 
count at the 2-week observation point, but did reduce 
acne by 75% al 16 weeks. 

Patients who require a second course of therapy for 
substantial, persistent acne may need higher doses of iso- 
tretinoin, such as 1 .5 to 2.0 mg/kg/d, for an additional 4- 
to 6-month course of therapy. This is particularly true 
for acne of the nuchal region, low back, buttocks, and 
thighs. Doses exceeding 2.0 mg/kg/d are generally not 
necessary. On the other hand, when treating patients 
with mild to moderate acne of the face or trunk that has 
improved but not cleared after an initial course of ther- 
apy with isotretinoin, one may use a trial of conven- 
tional therapy prior to reinstating isotretinoin at the 
usual recommended dosage ( 1 .0 mg/kg/d). 

In the initial clinical trials, prior to the marketing of 
isotretinoin, an increased number of acne cysts were oc- 
casionally seen during the first 2 weeks of isotretinoin 
therapy (Katz et al., 1983). This may have been due to 
isotretinoin paradoxically and temporarily increasing 
the number of inflammatory lesions derived from closed 
comedones, an effect perhaps resembling that seen dur- 
ing initial therapy with topical tretinoin. In some re- 
ports, however, the increase in numbers of lesions could 
have been due to the abrupt discontinuation of previ- 
ously used, partially effective therapy, such as oral anti- 
biotics, 4 weeks prior to the entry of patients into ex- 
perimental protocols with isotretinoin. It has been 
also suggested that early in the course of therapy, pro- 
inflammatory priming of neutrophils by isotretinoin 
may exacerbate acne (Perkins et al., 199 1 ). While agree- 
ment is lacking on either the effect of isotretinoin dosage 
on the incidence and severity of initial flare-ups of acne 
or their treatment, such flare-ups were, in our experi- 
ence, less severe when higher initial doses of isotretinoin 
(2.0 mg/kg/d) were used. For severe flare-ups, therapy 
with isotretinoin may be discontinued and treatment 
with systemic corticosteroids initiated. 

One other uncommon reaction in treating cystic acne 
with isotretinoin is the evolution of acne cysts, particu- 
larly on the trunk, into crusted, pyogenic granuloma- 
like lesions (Shalila et al., 1983; Exner et al., 1983; Hoi- 
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land ei ^al., 1984). These lesions may occur rarely in 
severe acne untreated with isotretinoin, but are probably 
more commonly observed during isotretinoin therapy; 
they respond readily to debridement of the crusts and 
either the intralesional injection or topical application of 
conicosieroids, or to a short course of corticosteroids 
given systemically. An additional adverse effect may be 
colonization of the anterior nares with Staphylococcus 
aureus during isotretinoin therapy. The use of an antibi- 
otic ointment on the nares has been suggested for pre- 
venting staphylococcal folliculitis and furunculosis, 
which may occur late in the course of isotretinoin ther- 
apy and be confused with a relapse of acnei 

In addition to its efficacy in cystic acne, isotretinoin 
therapy is effective in acne vulgaris, gram-negative folli- 
culitis (Plewig et al., 1982), acne fulminans. acneconglo- 
bata, dissecting perifolliculitis of the sCalp (perifolliculi- 
tis capitis abscedens el suffodiens) (Bjellerup and 
Wailengren, 1990), and acne rosacea (Plewig et al., 
1982). Hidradenitis suppurativa may also respond to 
treatment with isotretinoin, but the response may be 
panial even with prolonged therapy at 2 mg/kg/d. In this 
disorder, isotretinoin can be helpful before surgical exci- 
sion by reducing and delineating the extent of diseased 
tissue to be removed. Low-dose isotretinoin can produce 
a rapid therapeutic response in gram-negative folliculitis. 
This response is not considered -to be a direct antibacte- 
rial eficct. but rather a secondary effect of alterations in 
the microenvironment. 

Inhibition of sebum production with alterations in the 
chemislry of the skin-surface lipid film may represent a 
key mechanism of action of isotretinoin in producing 
clinical improvement in acne (Farrell et al., 1980). At 
peak levels of sebum suppression, the relative percentage 
ot the skin-surface lipid film, comprising wax esters and 
squalene, which are derived from the sebaceous glands, 
is reduced, and the percentage of cholesterol and choles- 
terol esters is increased. Isotretinoin is the most effective 
known inhibitor of sebum production, being superior to 
estrogen and X-irradiation. Inhibition of quantitative.se- 
bum production (or the sebum secretion rate) is almost 
maximal by the fourth week of treatment with isotreti- 
noin, and thus usually occurs prior to clinical improve- 
ment. The mhibition is dose-dependent, and doses ofO.5 
to 1 .0 mg/kg/d lead to an 80 to 90% inhibition after 1 2 to 
16 weeks of therapy (Goldstein et al., 1 982). After treat- 
ment is stopped, quantitative sebum production returns 
toward pretreatment levels, but long-term follow-up, 
from 20 to 99 weeks after treatment, shows an overall 
persistent 38% (range, 0-80%) inhibition (Strauss et al., 
1980). These data suggest that in some patients, contin- 
ued partial inhibition of sebaceous glands may contrib- 
ute to the prolonged remission of acne. The histologic 
changes during and after isotretinoin therapy parallel 
and reflect the inhibition of sebum production. The se- - 
baceous glands virtually disappear during treatment 
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with isotretinoin and gradually recover after the treat- 
ment is discontinued (Landthaler et al., 198 I). 

The inhibition of the wax-ester secretion rate by iso- 
tretinoin was studied specifically, using a bentonite clay 
technique (Stewart et a!., 1983, 1984). The mean rates of 
wax-ester secretion were greatly elevated in untreated 
acne patients, but were suppressed below the normal 
range (as measured in patients without acne) during iso- 
tretinoin therapy. However, the post-treatment secretion 
rates again rose above the normal range for all dose levels 
of isotretinoin (0, 1 to LO mg/kg/d), indicating that other 
factors must contribute to the continued healing of acne 
and to the prolonged remissions observed after isotreti- 
noin therapy is discontinued. 

In addition to inhibition of sebum production, the 
mechanisms by which isotretinoin may act in the treat- 
ment of acne include anti-inflammatory effects, antibac- 
terial effects, inhibitory effects on microbial enzyme ac- 
tivity, and desquamative effects on poral occlusion 
(Camisa el al., 1982; KJng et al., 1982; Leyden and 
McGinley, 1982). Isotretinoin markedly reduces the 
number of Propionibacterium acnes on the skin surface. 
This reflects decreased follicular colonization by P. 
acnes secondary to the isotretinoin-induced decrease in 
sebaceous secretion, and not an antibacterial effect of 
isotretinoin. The anti-inflammatory effect may be a 
function of nearly complete inhibition of monocyte and 
neutrophil chemoiaxis during isotretinoin therapy 
(Norriset al., 1987). 

Initial studies suggested that isotretinoin does not act 
as an antiandrogen since no change was noted in serum 
androgen levels (Matsuoka et al.. 1989) or gonadotro- 
pins during isotretinoin therapy, nor were there signs of 
feminization in treated males. Furthermore, in studies of 
the hamster flank organ, androgen-sensitive compo- 
nents aside from the sebaceous gland did not involute 
during treatment with isotretinoin (Gomez, 1981). In 
contrast to these results, one recent report documents a 
significant reduction in serum testosterone and urinary- 
steroid metabolites and a change in the ratio of 5-a and 
metabolites during isotretinoin therapy, suggesting 
that 5-a-reduciase activity may be sensitive to isotreti- 
noin (Rademakeret al., 1991). In addition, isotretinoin 
reduced serum levels of dihydrotestosterone and 3a- 
androstanediol glucuronide, possibly as a result of the 
reduction in size of sebaceous glands, which may release 
tissue-derived androgens into the circulation (Looking- 
bill et al., 1988). 

Psoriasis 

Unlike acne, in which a single 4- or 5-month course of 
therapy with isotretinoin can lead to prolonged remis- 
sion, the treatment of psoriasis with retinoids usually re- 
quires their long-term administration, since relapses 
eventually occur in virtually all patients if therapy is dis- 
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continued (F<g. 2). Because oflhe prolonged administra- 
tion of retinoids, psoriasis patients are at greater poten- 
tial risk of developing chronic retinoid toxicity than are 
acne patients. Etretinate at a dosage oro.5 to 1 .0 mg/kg/ 
d is superior to isotretinoin in the treatment of psoriasis 
vulgaris (Ward ct al., 1983; Ehmann and Voorhees, 
l982:Mahrleeial., 1 982; Goerz and Orf^inos, 1978). For 
long-term therapy, a dosage of about 0.5 mg/kg/d is pref- 
erable to higher doses in terms of minimizing acute and 
chronic toxicities. Approximately 15 to 25% of patients 
tail to have a satisfactory response to etretinate, in some 
cases because of a worsening of the disease after therapy 
is begun, or because of the development of dose-limiting, 
unacceptable toxicity (Lowe, 1991). 

Hireiinaie is of pariicular value in the treatment of 
pustular and eryihrodermic psoriasis, the most severe 
forms of psoriasis. These treatmerTt-resistant variants of 
ihe disease often require therapy with potent agents, 
such as methotrexate or cyclosporine. Pustular psoriasis, 
palmoplantar pustulosis, and related diseases (Slawsky 
and Libow. 1990: van Dooren-Greebe et al.. 1989), are 
characterized by promment neutrophilic infiltration 
mio the epidermis, with the development of clinically 
apparent pustules. Neutrophils may infiltrate the epider- 
mis by means of chemotactic factors present in the stra- 
tum corneum. The action of retinoids on desmosomes 
leads to the sheddmg of stratum corneum cells contain- 
ing these chemotactic factors, and may represent one 
mechanism by which etretinate is effective in pustular 
psoriasis. In addition to possibly decreasing the expres- 
sit^n of chcnioiactic factors in the skin, retinoids may 
direciK moditV neutrophil function. Isotretinoin is. in 
addition to etretinate, effective in pustular psoriasis, pro- 
viding a rapidly excreted, alternative retinoid for women 
of childbearing potential (Sofen et al.. 1984). 

The combmaiion of retinoids with other effective 
therapies for psoriasis has been used to increase therapeu- 
tic cHeciiveness and minimize toxicity. Etretinate at 
lower doses has been used m combination with photo- 
chemoiherapy (F^JVA). anthralm. ultraviolet radiation 
(UVB at 280 to 320 nm). and topical corticosteroids 
(Fnisch et al.. .1978; Crupper and Berretii. 1981; Lau- 
harantaei al.. 1 98 1 a; Ortanos et al.. 1979; Van der Rhee 
and Polano. 1981: Orfanos and Runne. 1976; Honigs- 
mann and WolM. 1989). Recent repons of retinoids in 
psoriasis have focused on the use of acitretin, the free- 
acid meiaholiie of etretinate, because of its shorter half- 
lile and supposedly smaller potential for post-treatment 
teratogenicity. Acitreiin. al doses of 40 to 50 mg/d. either 
as monotherapy or in combination with other agents, is 
comparable to etretinate tn efficacy and toxicity (Goll- 
nick. 199!). However, the pharmacokinetics of these 
drugs are not completely understood. Etretinate has re- 
centK been detected in the serum of acitretin-treated pa- 
tients, raising concerns about prolonged retinoid reten- 
tion and teratogenic risk (Wiegand et al., 1991). 



Several small, uncontrolled studies have indicated 
that most patients with psoriatic aahritis i mprove when 
treated with etretinate, exhibiting fewer lender joints and 
decreased duration of morning stiffness (Stollenwerk et 
al., 198l;KIinkhoffetal., 1989). The etretinate-induced 
improvement allowed patients to decrease or discon- 
tinue their use of nonsteroidal anti-inflammatory agents 

Etretinate markedly augmented the response of psoria- 
sis to photochemotherapy with oral methoxsalen and 
long-wave.ultraviolet radiation (UVA, 320 to 400 nm) or 
PUVA(Fritsch etal., 1 978; Crupper and Berreiti, I98l- 
Lauharanta et a!., 1981a). The regimen in which a reti- 
noid is combined with photochemotherapy has been 
termed RePUVA. !n many studies of RePUVA. etreti- 
nate has been given for 1 to 4 weeks, followed by the 
addition of PUVA. The combined treatment consider- 
ably decreased the total amount of UVA needed for 
clearing psoriasis, and accelerated the response of the 
disease to PUVA. Moreover, the combined treatment 
was effective in patients in whom PUVA had previously 
failed. The RePUVA approach produced longer remis- 
sions than those induced by PUVA. Fewer side effects 
from etretinate were seen during RePUVA than with 
etretinate used alone, owing to the lower doses 
employed. 

The RePUVA approach, using isotretinoin at a dose 
of 1 mg/kg/d, was compared prospectively to RePUV.A 
with etretinate (Honigsmann and Wolff, 1983). The reti- 
noids were given alone for 5 days before adding PUVA. 
and were discontinued once the patients* psoriasis had 
cleared completely, at which time the patients were 
placed on PUVA maintenance. Even tht^ugh etretinate 
is superior to isotretinoin when used alone in the treat- 
ment of psoriasis vulgaris, no significant difference be- 
tween the two treatment regimens was observed with re- 
gard to the duration of treatment needed for clearing of 
the disease, the number of UVA exposures required, or 
the cumulative UVA dose. Because isotretinoin is rap- 
idly cleared from the body, with a much shorter risk of 
teratogenicity after discontinuation of therapy, the use 
of isotreiinoin-PUVA has a definite advantage over 
etretinate-PU VA in women with childbearing potential. 

Once psoriasis has cleared or markedly improved with 
etretinate, the subsequent post-treatment clinical course 
IS variable. Some patients have prolonged remissions 
without maintenance therapy. In other patients the thera- 
peutic effect can often be maintained with conventional 
topical therapy and ultraviolet radiation, with or without 
low-dose etretinate (about 25 mg/d). However, relapses 
may occur even if etretinate therapy is maintained. 
Chronic maintenance therapy with etretinate may be 
necessary for patients with pustular psoriasis or erythro- 
dermic psoriasis, and for those patients with severe psori- 
asis vulgaris who have proved to be resistant or intoler- 
ant of other treatments and who regularly demonstrate 
relapse on withdrawal of etretinate. 




FIG. 4. Severe Daner s disease be- 
fore (A) and after (B) 4 months of 
treatment with etretinate. 




FIG. 5. Epidermolytic hyperkeratosis (antecubitai fossa) before (A) and after (B) 2 months of treat- 
rnent with etrettnaie 




FIG. 6. (A) Multiple basal-cell carcinomas prior to treatment (B) After 8 years of therapy with isotreti- 
noin, no new tumors have appeared. Pre-existing lesions were treated surgically. (From Dermatofogtca 
1987; i75tSuppi 1): 138- 144, with permission of S. Karger AG. Basel.] 



Initial, dosage recommendations for the treatment of 
eryihrodermic psoriasis with etretinate hav^ been 25 to 
35 mg/d. increasing to 50 to 60 mg/d within 2 to 4 weeks 
(Orfanos et al., 1981). Pustular psoriasis may require 
doses of 75 mg/d, and chronic psoriasis vulgaris may be 
treated with 50 mg/d in combination with other active 
agents. Worsening of psoriasis may occur during the in- 
duction of etretinate therapy. This initial worsening is 
different from the retinoid-related dermatitis produced 
by high-dose etretinate, which can mimic psoriasis and 
which resolves with a reduction of dosage or discontin- 
uation of therapy. 

Cutaneous Disorders of Keratinization 

In 1976, isotretinoin was shown to be effective in previ- 
ously recalcitrant cases of disorders of keratinization, 
such as Darier^s disease and pityriasis rubra pilaris (Peck 
and Yoder. 1976; Peck et al., 1978). Since then, many 
reports have indicated that these and other disorders of 
keratinization respond to isotretinoin, etretinate, and 
newer retinoids.(Orfanos et al., 1987). In contrast to the 
results in acne, for which isotretinoin is more effective 
than etretinate, both retinoids gave comparable re- 
sponses in lamellar ichthyosis (Fig. 3), Darier's disease 
(Fig. 4), non-bullous congenital ichthyosiform eryihro- 
derma. and pityriasis rubra pilaris (Peck et al., 1981; 
Lowhagen et al:, 1982; Goldsmith et ah, 1982; Borok 
and Lowe, 1990). Etretinate was superior to isotretinoin 
in the treatment of psoriasis, epidermolytic hyperkerato- 
sis {Fig. 5), keraioderma palmaris et plantaris, X-linked 
ichthyosis, ichthyosis vulgaris, erythrokeratodermia var- 
iabilis, Papiilon-Lefevre syndrome, Kyrle's disease, and 
lichen planus (Burge, 1989). Harlequin fetus, a fre- 
quently lethal congenital ichthyosis, responds well to 
etretinate (Lawlor and Peiris, 1985; Ward and Jones, 
1989) and to isotretinoin (Roberts, 1989), with long- 
term survival and the resolution of ectropion and ecla- 
bion. Recently, acitretin was demonstrated to be as effec- 
tive as etretinate in treating many of these disorders 
(Blanchet-Bardonetal., 1 99 I ; Laurberg et al., 1991). Te- 
marotene ( Ro I 5-0778), an arotinoid lacking a polar end 
group, was effective in clearing lichen planus with less 
toxicity than currently available retinoids (Boilag and 
Ott, 1989). 

Patients with the dry, brown, hyperkeratotic type of 
Darier's disease respond better to etretinate and may 
have more prolonged remissions than those with the red, 
inflamed, infected variety of Darier's disease who also 
have marked intertriginous involvement. The latter pa- 
tients are much more difficult to treat, and relapse very 
quickly after treatment is discontinued. In one report, 
isomorphic reactions were noted to occur in one-third of 
patients with Darier's disease treated with etretinate 
(Lowhagen et al., 1982). 
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In a report of 45 patients with pityriasis rubra pilaris of 
varying duration prior to therapy, long-term remissions 
were noted after the discontinuation of isotretinoin 
(Goldsmith et al., 1982). Although most cases of adult- 
onset pityriasis rubra pilaris clear spontaneously within 
3 years, this finding could indicate either that isotreti- 
noin therapy induced or accelerated a spontaneous re- 
mission or was merely coincidental with it. In patients 
who did not have a complete remission after a course of 
therapy, ne\v areas of involvement did not occur, and 
recurrent disease did not reach the pretreatment degree 
of disease severity. This contrasts with what has been 
observed in Darier's disease after stopping treatment 
with isotretinoin. Intermittent courses of therapy with 
prolonged treatment-free intervals may be effectively 
used in patients such as these. However, not all patients 
with pityriasis rubra pilaris respond in this manner. For 
instance, two patients with chronic pityriasis rubra pi- 
laris, characterized by childhood onset, a myriad of follic- 
ular papules, and a disease duration of longer than 10 
years responded very dramatically to treatment initially 
with isotretinoin and subsequently with etretinate. 
These patients relapsed dramatically and completely 
after each 4- to 6-month course of therapy over a more 
than 8-year period of retinoid therapy (Peck et al., 1981). 

Patients with lamellar ichthyosis treated with retinoids 
had a reduction in scaling, an increased heat tolerance 
and ability to sweat, and improvement in their ectro- 
pion. Clearing in these patients is usually not complete, 
and may be greater in the summer than in the winter, 
when their disease is typically more severe. 

Since disorders of keratinization may require long- 
term therapy with retinoids, the safely of chronic reti- 
noid administration must be addressed. Of particular 
concern is bone toxicity. In children, premature closure 
of epiphyses (Milstone et al., 1982) and fractures 
(Tamayo and Ruiz-Maldonado, 1981) can rarely occur, 
as can changes in the axial skeleton resembling diffuse 
idiopathic skeletal hyperostosis in both children and 
adults (Pittsley and Yoder, 1983; Gerber et al., 1984: 
Ellis et aL, 1984). 

Unusual responses to retinoid therapy have been ob- 
served in patients with cutaneous disorders of keratiniza- 
tion (Fritsch, 1981). It was observed that palmoplantar 
blistering could be enhanced during the etretinate ther- 
apy of keratoderma palmaris et plantaris (epidermolytic 
type), epidermolytic hyperkeratosis, and pachyonychia 
congenita. Patients with Hailey-Hailey disease and 
atopic dermatitis have worsened with retinoids, particu- 
larly at higher doses. 



Miscellaneous Diseases 

Both discoid and subacute cutaneous lupus erythema- 
tosus respond well to retinoid therapy (isotretinoin, etre- 
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tinaie; arid acitretin), with either a total clearance or 
marked reduction of skin lesions. Retinoids have been 
used alone or in combination with other therapies, such 
as antimalarial drugs or systemic corticosteroids, and 
have been effective against lupus even in patients who 
had proved resistant to these other modalities. Since 
most patients with lupus erythematosus are women of 
childbearing potential, isotretinoin and acitretin are pref- - 
arable to etretinate because of their shorter elimination 
half-lives, which limit the risk of post-treatment terato- 
genicity. (Ruzicka et al., 1988; Shornick et al.. 1991). 

Cancer 

The synthetic retinoids, isotretinoin and etretinate, 
have been used in the treatment and prevention of a 
variety of cutaneous malignancies. These include 
chronic sunlight damage (basal-cell carcinoma, actinic 
keratosis) (Moriarity et al., 1982), nevoid basal cell carci- 
noma syndrome (Peck et al., 1978; Peck et al., 1982a; 
PecketaL, 1 988; Goldberg et al., 1989; Sanchez-Conejo- 
Mir and Camacho, 1989; Hodak et al., 1987),^ xero- 
derma pigmentosum (basal-cell carcinoma, squamous- 
ceil carcinoma, keratoacanthoma, actinic keratosis) 
(Kraemer et al., 1988; Braun-Falco et al,, 1982; Berth- 
Jones and Graham-Brown, 1990), multiple kerato- 
acanthomas (Haydey et al., 1980; Berretti et al., 1981; 
Wright et aL, 1988; Street et al., 1990), porokeratosis of 
Mibelli wiih malignant degeneration (squamous-cell 
carcinoma, Bowen's disease) (Schnitzler and Verret, 
1981), epidermodysplasia verruciformis (Lutzner and 
Blanchet-Bardon, 1980), Cowden's disease (Lazar and 
Lazar, 1986), Muir-Torre syndrome (Spielvogel et al., 
1985), oral leukoplakia (Koch, 1 98 1 ; Hong et aL, 1986), 
cutaneous metastases of malignant melanoma (Levine 
and Meyskens, 1980), and cutaneous T-cell lymphoma 
(mycosis fungoides and Sezary's syndrome) (Souteyrand 
eta!., 1981; Kessleretal., 1983; Lippman and Meyskens, 
1 989). Synthetic retinoids do not usually cure cutaneous 
tumors, but do produce variable degrees of partial regres- 
sion when given at high dosage. The mechanism of ac- 
tion by which they accomplish this is not clear. Induc- 
tion of inflammation by high-dose isotretinoin is not a 
necessary prerequisite for the regression of basal-cell car- 
cinoma, since both inflamed and non-inflamed tumors 
may undergo regression (Peck et al., 1978, 1982a, 1988). 

If the clinical goal is changed from chemotherapy to 
chemoprevention, synthetic retinoids can have dramatic 
effects in preventing the formation of new skin tumors. 
The benefit persists only as long as therapy is main- 
tained, particularly in patients with precancerous geno- 
dermatoses (nevoid basal cell carcinoma syndrome, xer- 
oderma pigmentosum) (Kraemer et al., 1988; Peck et,al., 
1982a. 1988). 



Piioi Study of Isotretinoin for Basal Cell Carcinoma 

Oral isotretinoin was first used in patients with multi- 
ple basal cell carcinomas in a two-stage trial. In the first 
treatment stage, high doses of isotretinoin were em- 
ployed as chemotherapy. The second stage used lower 
doses for chemoprevention of recurrent disease (Peck et 
al., 1982a). 



Chemotherapy 

Twelve patients with a total of 270 basal cell carci- 
nomas due to chronic sunlight exposure, X-irradiation, 
arsenical insecticide exposure, and nevoid basal-cell car- 
cinoma syndrome received an average maximum dosage 
of 4.5 mg/kg/d of oral isotretinoin. The mean duration 
of treatment at these dosages was approximately 8 
months. In this series there was complete clinical remis- 
sion of 43 tumors (16%). Of these 43 tumors, 35 under- 
went biopsy: 21 specimens were free of tumor and 14 
were not. Thus, approximately 10% of the tumors under- 
went complete clinical and histologic remission. A 
marked individual variation was evident in the therapeu- 
tic response. For example, one patient had 15 of 37 le- 
sions undergo complete clinical regression, whereas an- 
other had none of his 8 lesions completely disappear 
clinically. This variation in therapeutic response did not 
seem to be a function of dosage, tumor location, tumor 
etiology, duration of therapy, or the age or sex of the 
patient. 

With the high-dose isotretinoin, inflammation devel- 
oped in the tumors of some patients but not in the adja- 
cent skin, which was clinically free of tumor. After treat- 
ment was discontinued and the inflammatory reaction 
subsided, an objective reduction in tumor mass was 
noted in those tumors in which an inflammatory reac- 
tion had occurred. However, other patients demon- 
strated clinical involution of their tumors without signs 
of inflammation, indicating that tumor regression need 
not be mediated by inflammation. In some patients, ther- 
apy with isotretinoin caused previously undetected le- 
sions to become inflamed, resembling what is observed 
with topical 5-fluorouracii in the treatment of solar kera- 
toses. Smaller tumors responded better to high-dose iso- 
tretinoin; 23% of 3- to 5-mm tumors exhibited a com- 
plete response, in contrast to only 7% of tumors 10 mm 
or larger. Lower doses (0.5 to 1.5 mg/kg/d) of isotreti- 
noin were ineffective as chemotherapy, producing no 
complete regressions and only partial regression in one 
tumor. No tumors became inflamed at these lower dos- 
ages. Because these results compared unfavorably with 
the results of standard therapy, the use of oral isotreti- 
noin as a chemotherapeutic agent for basal cell carci- 
noma was abandoned. 
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ChemopropkyJcLxis 

The lower-dose phase ofthis pilot study included only 
3 of the 12 patients involved in the chemotherapy phase. 
During the first 34 months of the chemoprophylaxis 
phase, an average dosage of 1.5 mg/kg/d of oral isotret- 
inoin was used. Subsequently, the dosage was lowered to 
40 mg/d (0.5 mg/kg/d). While each of the three previ- 
ously studied patients had differing percentages of a 
complete response (3%, 1 2%, 45%) to isotretinoin during 
chemotherapy, none developed new tumors within the 
next 2 to 8 years. One of these patients, who had the 
nevoid basal cell carcinoma syndrome, had developed 
25 new tumors per year for many years prior to therapy, 
but developed only one tumor per year during his 7-year 
treatment period with isotretinoin. After isotretinoin 
therapy was stopped because of ski^letal toxicity, this pa- 
tient developed 29 tumors in the first post-treatment 
year. The rapid post-treatment development of new tu- 
mors in this patient was similar to that observed in those 
patients who withdrew from the trial because they could 
not tolerate the mucocutaneous toxicities of isotretinoin 
at high dosage. In these patients, pre-existing lesions en- 
larged and new tumors began to appear at varying inter- 
vals after therapy ceased. This indicated that the chemo- 
preventive effects of retinoids would require chronic 
maintenance therapy. Another patient on long-term 
chemoprophylaxis. whose skin cancers were secondary 
to arsenical insecticide exposure, averaged 5 tumors per 
year for 6 years prior to being treated with isotretinoin, 
but no new tumors during the 8 years of isotretinoin 
therapy (Fig. 6). However, this patient is unique in that 
he has developed only one new tumor in the first 4 years 
after the discontinuation of therapy (Peck, 1987). 



Toxica ies 

The toxicities observed in the trial of isotretinoin for 
basal cell carcinoma were dose-dependent and were 
more frequent and severe during the initial high-dose, 
chemotherapeutic phase of this study. The common (at 
least 50% of patients) toxicities observed at high-doses of 
isotretinoin included mucocutaneous toxicity (cheilitis, 
facial dermatitis, xerosis with itching, dryness of the 
nasal mucosa with minor nosebleeds, fragility of the stra- 
tum corneum), systemic toxicity (arthralgias/myalgias, 
fatigue) and laboratory abnormalities, {hyperiipidemia, 
abnormal liver function tests [alanine aminotransferase 
(ALT), aspartate aminotransferase (AST)]}. One 
chronic toxicity of high-dose isotretinoin was observed 
m these patients. Radiographic abnormalities of the 
spme. retinoid hyperostosis (calcification of the anterior 
spinal ligament with osteophyte and bony-bridge forma- 
tion) were found in four of eight patients with multiple 
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basal cell carcinomas treated with high-dose isotretinoin 
(2 mg/kg/d or more) for a minimum of 2 years (Gerber et 



Prevention of Skin Cancer in Xeroderma Pigmentosum 
with Isotretinoin ' 

Xeroderma pigmentosum is an extremely rare, auto- 
somal recessive disorder with an incidence of about one 
per million, and is characterized by sun sensitivity and a 
deficiency in the repair of ultraviolet-damaged DNA 
(Kraemer et aL, 1987). Skin cancers develop in this dis- 
ease at a frequency greater than 1,000 times that in the 
general population. Thus, patients with xeroderma pig- 
mentosum are ideal candidates for studies of cancer pre- 
vention in humans. 

Subsequent to the initial reports described above 
(Peck et al., 1978 and 1982a), a controlled prospective 
study was conducted to determine whether high-dose 
oral isotretinoin (2 mg/kg body weight/d), given for 2 
years, was effective in preventing the development of 
new skin cancers in patients with xeroderma pigmento- 
sum (Kraemer et al., 1988). Control was achieved by 
comparing the frequency of tumors in each patient dur- 
ing treatment with their frequency during the 2-year pe- 
riod before treatment and during a 1-year period after 
treatment. 

Seven patients with xeroderma pigmentosum were 
enrolled in the protocol; five completed the study as out- 
lined, without dose modification (Fig. 7). Two patients 
were unable to complete the protocol because of persis- 
tent laboratory-test abnormalities (hyperiipidemia, ab- 
normal liver function tests) during treatment- The total 
number of tumors in the five patients who completed the 
study decreased from 121 (mean, 24; range, 8 to 43) in 
the 2 years before treatment to 25 (mean, 5: range, 3 to 9) 
in the 2 years of therapy, with a mean reduction in the 
tumor rate of 63% (p = 0.0 19) (Fig. 7). In four of the five 
patients there was a reduction in the number of tumors 
during treatment as compared with that before treat- 
ment. In these four patients, the onset of improvement 
was noted within 2 months of the start of treatment, and 
the reduction in tumor frequency persisted so that dur- 
ing the 2-year treatment interval there was a 70 to 93% 
decrease in the frequency of skin cancers (/? = 0.006). 
The one patient who did not have a decrease in tumor 
frequency during treatment had 8 histologically docu- 
mented tumors in the 2 years before treatment and 9 
during the 2 years of treatment. 

During the post-treatment observation period, which 
lasted a minimum of 9 months, an increase in the fre- 



' Ponions of ihis section are reprinted, with permission, rrom 
Kraemer et al.. En^lJ Med 1988:318:1633-1636. 
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FIG. 7. Inhibition of tumor formation is 
observed during treatment with isotret- 
inoin (2 mg/kg/day) in four of five pa- 
tients with xeroderma pigmentosum. 
Tumor incidence increased in at) five pa- 
tients after cessation of therapy. Dura- 
tions of pretreatment and treatment pe- 
riods were each 2 years; post-treatment 
follow-up periods ranged from 9 to 14 
months. 



quency of skin cancers was observed in all five of the 
patients who completed the study. This increase usually 
became apparent within 3 months after stopping treat- 
ment. A mean 8.5-foId increase in the annual rate of 
tumor occurrence (range, 2- to 19- fold) was observed in 
the post-treatment period as compared with the treat- 
ment period (j) = 0.007). 

Post-treatment tumor rates were at least as high as 
those in the pretreatment interval. Three patients had 
about a twofold increase in their tumor-removal rate 
after ireaiment as compared with that before treatment. 
Thus, the treatment may have suppressed an accelera- 
tion in tumor formation in these patients. Alternatively, 
there may have been a temporary rebound in tumor inci- 
dence after the withdrawal of therapy. 

The best response to therapy was observed in those 
patients who had had the highest frequency of tumors 
before treatment. The decrease in tumor frequency dur- 
mg treatment, as compared to the tumor incidence ob- 
served during the pretreatment period, and the increase 
in post-treatment tumor frequency compared to the 2- 
year treatment period seen in four of five patients was 
significant (jj = 0.045 by the nonparametric generalized 
sign test). 

Side effects of oral isotretinoin at 2 mg/kg/d included 
moderate to .severe mucocutaneous toxicities (cheilitis, 
xerosis, conjunctivitis) and systemic toxicities (arthral- 
gias, hypertriglyceridemia, abnormal liver function tests) 
in the majority of patients. In addition, poor wound heal- 
ing, secondary infection with Staphylococcus aureus, 
and pyogenic granulomas were noted. Two patients de- 
veloped skeletal toxicity resembling diffuse idiopathic 
skeletal hyperostosis, including vertebral bony bridging 
and extraspinal involvement, such as calcification of the 
Achilles tendons and plantar ligaments in the feet. We 
consider these toxicities to be substantial and excessive 



for long-term therapy with isotretinoin at 2 mg/kg/d for 
the prevention of non-melanoma skin cancer. There- 
fore, we are currently exploring the use of lower doses 
(0.5 to 1.5 mg/kg/d) of oral isotretinoin for the preven- 
tion of skin cancer in the patients who completed the 
high-dose study. 

All seven patients who were enrolled in the high-dose 
phase of this study were included in the subsequent low- 
dose trial of isotretinoin for xeroderma pigmentosum 
(Kraemer et al., 1990). The five patients who completed 
2 years of isotretinoin therapy at 2 mg/kg/d without dose 
modification were included, as were the two patients 
w^hose dose had to be lowered due to toxicity. The pa- 
tients were treated with oral isotretinoin at 0.5 mg/kg/d 
for I year and monitored for the incidence of new tu- 
mors and toxicity (Kraemer et al., 1990). In comparison 
to the interval without treatment, the frequency of skin 
cancers occurring during the low-dose treatment de- 
creased in most patients. In some patients there was an 
apparent dose response. Furthermore, mucocutaneous 
toxicity and laboratory abnormalities were less severe 
with the low-dose treatment. This study is continuing in 
an effort to better define the cheniopreventive effect and 
observed toxicities relative to the dose of isotretinoin. 
Thus far, the minimum effective dosage required to pre- 
vent the formation of basal cell carcinomas varies be- 
tween individual patients and ranges from 0,5 to 1.5 mg/ 
kg/d, or 40 to 120 mg/d. These results are comparable to 
those obtained in patients with the nevoid basal cell carci- 
noma syndrome. 

This study indicates that high-dose (2 mg/kg/d) isotre- 
tinoin is effective in preventing the formation of new 
skin cancers in patients with xeroderma pigmentosum, 
and represents the first controlled, prospective study to 
demonstrate cancer chemoprevention in humans. With- 
drawal of therapy resulted in a rapid reversal of the che- 
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moprophylactic effect, with a significant increase in tu- 
mor rates over that in the treatment period. These 
findings firmly link isotretinoin therapy with tumor sup- 
pression. Our data suggest that isotretinoin suppresses 
tumor promotion or progression, perhaps by preventing 
the conversion of premahgnant to malignant lesions or 
by arresting the growth of existing malignant lesions that 
were too small to be identified clinically. The period re- 
quired for the tumorigenic process to progress from the 
initial sun-induced injury to the formation of a malig- 
nant skin tumor in patients with xeroderma pigmento- 
sum is thought to be several years. In our patients, isotret- 
inoin seemed to act as a switch, turning off the 
appearance of tumors within 2 months of the onset of 
therapy and quickly losing effectiveness within 3 months 
of the cessation of treatment. The speed at which this 
preventive effect can be switched on-Jind off is probably 
too rapid to result from alterations in the initial muta- 
tional steps in tumor formation, since such alterations 
would not be expected to prevent tumors for several 
years. 



Multicenter Trial of Low- Dose Isotretinoin for Basal 
Cell Carcinoma 

On the basis of the results of the pilot study described 
above (Peck et al., 1982a), the chronic administration of 
low-dose isotretinoin (10 mg/d or 0.14 mg/kg/d) was 
evaluated for efficacy in the prevention of new basal cell 
carcinomas in patients with a histon' of at least two basal 
cell carcinomas in the 5 years prior to entry into the 
study (Tangrea et al„ 1990; Tangrea et al., 1992a). 

The 10 mg daily dose used in this trial was specifically 
chosen on the basis of patient acceptability, given the 
drug's chronic dosing schedule and expected side effects, 
and to avoid possible unmasking of the trial by the char- 
acteristic mucocutaneous toxicity of isotretinoin. Isotret- 
inoin at this dose level has been clinically useful, with 
minimal morbidity, in the treatment of benign derma- 
toses (Farrell et al., 1980; Jones et al., 1983). This study 
was a randomized, double-blind, placebo-controlled 
tnal with a sample size of 98 1 patients, and was coordi- 
nated by the National Cancer Institute and conducted at 
eight clinical centers in the United States. Analyses were 
made of the cumulative incidence curves (drug vs. pla- 
cebo) of the first new basal cell carcinoma over the 3-year 
treatment period and of the multiplicity of basal cell car- 
cinomas in the treatment and placebo groups by com- 
paring tumor rates (defined as the total number of basal 
cell carcinomas for all visits divided by the number of 
person-years of follow-up). 

In contrast to previous studies of isotretinoin at higher 
doses, the results of this study indicated no significant 
difference between the treatment and placebo groups 
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{p = 0.72) in the comparison of the 3-year cumulative 
incidence curves for new basal cell carcinomas. At the 
end of 3 years of intervention, 327 patients in the isotreti- 
noin group and 327 patients in the placebo group had 
developed at least one new basal cell carcinoma. Isotreti- 
noin also had no effect on the multiplicity of lesions as 
measured by the rate of basal cell carcinoma formation. 
The tumor rate was 0.94 tumors per patient per year in 
the isotretinoin group and to 0.96 per patient per year in 
the placebo group (p = 0.83). While the cumulative inci- 
dence rates a'nd tumor rates were highest in males, older 
patients, patients with the greatest prior solar damage, 
and most strongly in patients with the greatest number of 
basal cell carcinomas in the 5 years prior to entering the 
study, there was no indication of a protective effect of 
isotretinoin in any of these subgroups. 

Adverse reactions, reported both in the isotretinoin 
group (76% of patients) and in the placebo group (43% of 
patients), were mild, and dose modification was consid- 
ered necessary for fewer than 20% of the reactions. Sig- 
nificant differences in observed side effects were noted 
between the treatment and placebo groups for mucocu- 
taneous toxicities and hypertriglyceridemia, and in the 
development and progression of cervical and thoracic 
hyperostotic vertebral abnormalities. At the end of the 
3-year treatment period, the mean total serum triglycer- 
ide level was 1.63 mmol/L in the isotretinoin group and 
1.45 mmol/L in the placebo group (p < 0.00 1). The 
mean total serum cholesterol did not differ between the 
two groups. Upon comparing baseline versus end-of- 
treatment (3-year) radiographs of the cervical and tho- 
racic spine in a subsample of 269 patients, 40.3^c of the 
isotretinoin-treated patients and 18.5% of those given 
placebo exhibited a progression of pre-existing hyperos- 
totic vertebral abnormalities (/? < 0.001), while 8.6% of 
the isotretinoin-treated patients and 1.5% of those given 
placebo developed new hyperostotic involvement of pre- 
viously unaffected vertebral levels (/? = 0.015) (Tangrea 
et al., 1992b), These mild to moderate radiographic 
changes appeared to be a continuation of pre-existing 
processes rather than a unique or distinct pathologic 
change, and were not productive of clinical symptoms. 

The lack of benefit of isotretinoin observed in this trial 
differs from the results of previous studies, in all likeli- 
hood because of the much lower dose of isotretinoin 
used. It should be mentioned, however, that even at the 
low dose of 10 mg/d, isotretinoin produced measurable 
systemic toxicity. This finding should be weighed in the 
risk/benefit analysis of the long-term use of isotretinoin, 
and must be considered in planning future chemopre- 
ventive studies with this retinoid. For otherwise healthy 
patients, such as those in this multicenter trial, it may be 
difficult to justify testing much higher doses of isotreti- 
noin, owing to the probable production of more toxicity. 
However, for patients with precancerous' genoderma- 
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loses (nevoid ba^al cell carcinoma syndrome, xeroderma 
pigmentosum) who may develop several dozen skin 
, cancers per year, the potential benefit of moderately 
higher doses of isotretinoin may outweigh the expected 
detrimeni of increased toxicity. 



Other Studies 

Isotretinoin has been reported to cause the regression 
of squamous cell carcinoma. Complete and partial re- 
gressions occurred in four patients with large, recurrent 
or metastatic squamous cell carcinomas treated with 
oral isotretinoin at I.O mg/kg/d (Lippman and Meys- 
kens. 1987). The authors suggest that retinoid activity 
correlates directly with the degree of differentiation of 
transformed cells, and that the well-<tifferentiated nature 
of squamous cell carcinomas may therefore have been a 
factor in the excellent therapeutic responses observed. 
Isotretinoin, given as a chemopreventive agent, was also 
found to reduce the rate of second primary squamous 
cell carcinomas among patients with previously treated 
head and neck cancers (Hong et ah, 1990). Although the 
chemoprevention of potentially lethal cancers was ob- 
served, the high dose of isotretinoin used (50 to 100 mg/ 
m') resulted in significant participant toxicity, with 33% 
of the patients dropping out over the 12-month treat- 
ment period. 

Recent clinical trials have identified clinical responses 
to combination therapy with retinoids and cytokines. 
The chemotherapeutic effect of isotretinoin on advanced 
squamous cei! carcinoma of the skin was enhanced by 
the addition of interferon-a2a. Seven of 28 assessable pa- 
tients had complete responses. Although dose reductions 
were required in the majority of patients, the toxicities 
of the two treatment agents were reversible and non- 
overiapping (Lippman et aL, 1992). Similarly, the 
retinoid-induced differentiation of HL-60 (acute pro- 
myelocytic leukemia) cells in vitro is enhanced by a vari- 
ety of cytokines, including interferons, tumor necrosis 
factor-a (TNF-a), granulocyte colony stimulating factor 
(GCSF), inierleukin-la and interleukin-4 (Bollag, 1991; 
Boliag and Peck, 1991). Limited benefit was observed,' 
however, when etretinate and interferon-a were com- 
bined as therapy for advanced melanoma (Rustin et al., 
1988). 

Several reports have described beneficial responses to 
synthetic retinoids either alone or in combination with 
other chemotherapeutic agents, including interferon-a 
(Zachariae and Thestrup-Pedersen, 1990) or PUVA, in 
the treatment of cutaneous T-ce!I lymphoma (Souteyr- 
and et al.. 1981; Lippman and Meyskens, 1 989). When 
synthetic retinoids were used alone, tumors and plaques 
underwent a marked partial clinical regression. Relapse 
occurred in most patients after the cessation of therapy- 
indicating that treatment with synthetic retinoids is not 



curative. The synthetic retinoids may be active in cutane- 
ous T-cell lymphoma by virtue of direct effects on the 
function of subsets ofT lymphocytes. 



Toxicity 
Acute Toxicity 

The synthetic retinoid toxicities (Table 2) mimic 
many of the findings in vitamin A intoxication, but are 
less severe than those seen with the high doses of vitamin 
A required for clinical efficacy; they primarily involve 
the skin and mucous membranes. 

The acute toxicities of the two synthetic retinoids, iso- 
tretinoin and etretinate, overlap but are not identical. 
Similarly, it appears that new synthetic retinoids will 
have unique spectra of clinical toxicity as well as efficacy. 
Under certain circumstances the differences in relative 
toxicity will influence retinoid selection in diseases in 
which the therapeutic effects are comparable. 

Mucocutaneous Toxicity 

The acute mucocutaneous toxicities commonly ob- 
served with isotretinoin and etretinate are well tolerated 
and not life threatening, are dose dependent in incidence 
and severity, are treatable with bland therapies, and are 
reversible on dosage reduction or discontinuation of 
treatment (Table 2). Cheilitis is the most common toxic- 
ity, occurring in almost all patients receiving isotreti- 
noin, even at the low end of the clinically useful dose 
range. Frequent application of unmedicated lip balms is 
usually sufficient to alleviate the cheilitis. Facial derma- 
titis, xerosis with pruritus, dryness of the nasal mucosa 
with minor nosebleeds, and conjunctivitis are the next 
most commonly observed mucocutaneous toxicities of 
isotretinoin and etretinate. Isotretinoin produces more 
drying and chapping of the skin and mucous membranes 
than does etretinate. Treatment with etretinate, how- 
ever, leads to more hair loss and palmar and plantar 
peeling than observed with isotretinoin. 

Conjunciivilis 

Conjunctivitis, which may interfere with a patient's 
ability to wear contact lenses during synthetic retinoid 
therapy, may result from a decrease in the outer lipid 
layer of the tear film, with subsequent evaporation of the 
aqueous phase (Ensink and Van V.oorst Vader, 1983). 
Furthermore, Staphylococcus aureus has been cultured 
from the eyelids of patients with isotretinoin-induced 
blepharoconjunctivitis (Blackman et al., 1979). If artifi- 
cial tears and topical ophthalmologic antibiotic therapy 
fail to relieve the conjunctivitis, then ophthalmologic 



consultaiion should be sought. Other ophthalmologic 
toxiciiifes from retinoids (isotretinoin, etretinate, fenret- 
mide, acitretin) include corneal opacities, decreased 
night vision with abnormal eleciroretinograms, transient 
acute myopia, papilledema secondary to pseudotumor 
cerebri, cataracts, and teratogenic abnormalities (Gold et 
aL, l989;Safranelal., 1991 ; Brown and Grattan, 1989). 
An inhibition of ocular retinol dehydrogenases with de- 
creased formation of 1 l-c/5-retinaI may be the mecha- 
nism responsible for retinoid-induced night blindness 
(Law and Rando, 1989). Fenretinide may be more likely 
than other retinoids to interfere with night vision be- 
cause it markedly reduces plasma concentrations of reti- 
nol and retinol-binding protein (RBP; Peng et al., 1989; 
Kaiser-Kupfer el al., 1986; Kingston et al., 1986); how- 
ever, the likelihood of this toxicity developing during 
fenretinide therapy can be minimi^^ or avoided en- 
tirely by scheduling several treatment -free days during 
each month of therapy (Costa et al., 1989). Rarely, dry 
eyes and decreased night vision have been reported to 
persist after the discontinuation of therapy. 

Hair Loss 

Hair loss is another toxicologic finding in both hyper- 
vitaminosis A and synthetic retinoid therapy. It is more 
severe during treatment with etretinate. The hair loss 
usually occurs 3 to 8 weeks after beginning etretinate 
ingestion, and after a minimum total dose of 2 g. It 
ceases 6 to 8 weeks after the discontinuation of therapy, 
aithough rare instances of persistent hair loss have been 
reported. In the majority of cases the hair loss is a telogen 
effluvium; occasionally, dystrophic anagen roots are 
found (Orfanos, 1980; Berth-Jones et aL, 1990). A de- 
creased duration of anagen has been suggested as the 
cause for the increased plucked telogen count noted after 
12 weeksofetrelmatetherapvat 50 mg/d (Berth-Jones et 
al., 1990). 

Systemic Toxicity 

I'crciiogcniciiy 

Isotretinoin and etretinate are potent teratogens, and 
fetal deformities are the major concern in treating fertile 
women with oral retinoids. The birth defects characteris- 
tically induced by retinoids (retinoic acid embryopathy) 
include central nervous system abnormalities (hydro- 
cephalus, microcephaly), external ear abnormalities, 
cardiovascular abnormalities, facial dysmorphia, eye ab- 
normalities (microphthalmia), and thymus gland abnor- 
malities (Lammer el al., 1985; Stern et al., 1984). In 
some instances these abnormalities may lead to death. 
Other reported adverse effects include premature births, , 
parathyroid hormone deficiency, and cases of low intelli- 
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gence quotient (IQ) scores in the absence of obvious cen- 
tra! nervous system abnormality. Although etretinate is 
a more potent teratogen than isotretinoin in animals, 
more instances of fetal abnormalities have been asso- 
ciated with isotretinoin than with etretinate (Sulik and 
Alles, 1991). It is possible that isotretinoin is the more 
potent teratogen in humans. Alternatively, the increased 
number of fetal abnormalities with isotretinoin may be 
due to the differences in age (Dai et al., 1992), fertility, 
and compliance with birth-control techniques in the dif- 
ferent groups of patients treated with these retinoids. In 
one report, 49% of 396 women, most of them under 30 
years old, who were exposed to isotretinoin during preg- 
nancy, had conceived either prior to therapy or during 
the first 3 weeks of therapy (Dai el al., 1 992). With regard 
to their teratogenicity, there is no known safe dose or 
duration of therapy of the retinoids. In summary, isotreti- 
noin and etretinate are contraindicated in pregnant 
women and in women of childbearing potential who re- 
fuse to use or are unreliable in complying with effective 
contraception. Current guidelines are that contraception 
should be used for I month prior to isotretinoin therapy, 
during therapy, and for I month afterwards, and that a 
negative pregnancy test be obtained 2 weeks before ini- 
tiating therapy on the second or third-day of a normal 
menstrual period. Etretinate is stored in body-fat depots, 
has a terminal elimination half-life in plasma of about 
100 days, and can be detected in serum in trace amounts 
for as long as 3 years after the end of therapy (DiGio- 
vanna et al., 1 989). Retinoic acid embryopathy has devel- 
oped even when conception occurred after the discontin- 
uation of etretinate (Lammer, 1988). The current 
recommendation is to avoid pregnancy for at least 2 
years after exposure to etretinate. The effects of retinoids 
on neural-crest cells during the fourth week after fertiliza- 
tion may be responsible for many of the nrialformations 
observed in fetuses of women treated with these agents 
during pregnancy (Sulik and Alles, 1991). 

Acitretin is the carboxylic acid metabolite of etreti- 
nate. Its spectra of clinical efficacy and toxicity are com- 
parable to those of etretinate (Gollnick, 1991). Initial 
multiple-dose pharmacokinetic studies indicated that 
acitretin differs considerably from etretinate in having a 
terminal elimination half-life in plasma of only 2 days 
(Wiegand el al., 1991). This rapid clearance after the 
discontinuation of acitretin therapy would create the 
major potential clinical advantage of a reduced risk of 
delayed teratogenicity in comparison with etretinate. 
However, recent studies demonstrate that etretinate is 
found in the plasma, most likely as a metabolite, after 
the administration of acitretin (Wiegand el al., 1991). It 
has been suggested that ingested eihanol may play a role 
in enhancing formation of the ethyl ester of acitretin 
(Lambert et al., 1992). Further research is warranted to 
determine whether there is indeed an advantage in using 
this agent. 
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Arthralgias and Myalgias 

Vitamin A toxicity includes pain and tenderness in 
bones and joints. Arthralgias have been seen in only a 
minority of patients treated with synthetic retinoids, and 
the arthralgias disappear after the discontinuation of 
therapy. In contrast to these retinoid-induced arthral- 
gias, the treatment of psoriatic arthritis with etretinate 
has led to objective improvement. 

Pseudotumor Cerebri 

Pseudotumor cerebri has developed rarely during 
treatment with isotretinoin. If patients receiving isotret- 
inoin develop a persistent headach® with visual changes, 
nausea, and vomiting, the drug should be discontinued 
promptly and the patient should be examined for papil- 
ledema with retinal hemorrhages. In five such cases the 
patients were also being treated with tetracycline or min- 
ocycline, drugs that are known, albeit rarely, to produce 
increased intracranial hypertension. This finding would 
suggest caution in combining these therapies. 



(Shalila et aL, 1983). These observations have led to the 
recommendations for obtaining fasting plasma triglycer- 
ide levels prior to initialing retinoid therapy, monitoring 
triglyceride levels monthly for the first 2 months of ther- 
apy and then at 2- to 3-month intervals afterward if they 
are within normal limits, and discontinuing therapy if 
the triglyceride levels reach 800 mg/dL. Less severe in- 
creases may be treated by dose reduction, dietary man- 
agement (a low-fat, high-complex carbohydrate diet), a 
reduction in alcohol and tobacco consumption, and in- 
creased physical activity. Although the effect of lipid- 
lowering medications has not been studied, supplemen- 
tation with fish oils containing eicosapentenoic and 
docosahexaenoic acids (MaxEPA) has been reported to 
reduce triglyceride elevations occurring during retinoid 
therapy (Marsden, 1989). Certainly if patients with pre- 
treatment elevations in their plasma triglyceride level are 
to be treated with retinoids, their condition must be 
monitored very closely. With regard to the risk of athero- 
sclerosis during retinoid therapy, the importance of these 
observations and the effect of managing plasma triglycer- 
ide and cholesterol levels during long-term therapy with 
retinoids remains to be determined. 



Laboratory 

Hyperlipidemia 

Another acute toxicity common to both retinol and 
the synthetic retinoids has been hypertriglyceridemia, 
probably due to both an increased synthesis and de- 
creased elimination of blood lipids. The observed eleva- 
tions of plasma triglycerides and very-low-density lipo- 
protein (VLDL) levels have been dose dependent and 
reversible on discontinuation of therapy (Zech et al., 
1983; Bershad et al., 1985). Dosages of isotretinoin 
above I mg/kg/d are usually needed to elevate triglycer- 
ide levels markedly beyond the normal range. In one 
report of 20 men with cystic acne of the trunk who were 
treated with isotretinoin at a maximum dosage of 2 mg/ 
kg/d, the maximum increases from baseline levels were 
67% for triglycerides; 56% for VLDL; 22% for LDL; and 
16% for cholesterol. The maximum decrease in high- 
density lipoproteins was 10%, leading to an increased 
LDL/HDL ratio (Zech et al., 1983). Hypertriglyceride- 
mia has also been observed with etretinate and acitretin 
(Vahlquist, 199 1 ), particularly in patients with one of the 
following predisposing factors: obesity, a high alcohol 
intake, diabetes, and pretreatment hypertriglyceridemia 
(Orfanos et al., 1987). One patient, who may have had a 
pre-existing hyperlipoproteinemia, developed eruptive 
xanthomas while being treated with isotretinoin at a 
dose of 2.5 mg/kg/d (Dicken and Connolly, 1980), An- 
other patient developed acute hemorrhagic pancreatitis 
after the plasma triglycerides exceeded 1400 mg/dL 



Liver 

As with vitamin A toxicity, the synthetic retinoids can 
alter tests of liver function. The tests most commonly 
showing elevated results are those for the transaminases 
(AST, ALT), but other tests (alkaline phosphatase, lactic 
dehydrogenase, bilirubin) can occasionally also be ab- 
normal. Elevations of transaminase occur in approxi- 
mately 15% of retinoid-treated patients, but usually re- 
turn to normal within 2 to 4 weeks and remain normal 
even with continued retinoid therapy. However, acute 
hepatoioxic reactions to etretinate may occur, with asso- 
ciated fever and eosinophilia, possibly indicating a hyper- 
sensitivity to this retinoid (Weiss et al., 1984). Case re- 
ports have associated the development of cirrhosis with 
the long-term use of etretinate (Fallon and Boyer, 1990). 
However, in prospective studies, long-term therapy with 
etretinate has not led to chronic liver toxicity, as mea- 
sured by liver function tests and by liyer biopsies exam- 
ined by light and electron microscopy, even in patients 
with pre-existing liver disease (Roenigk. 1989). 

Semen Analyses 

Although retinoids at high doses may inhibit spermato- 
genesis in animals, semen analyses done on patients re- 
ceiving oral retinoids have not revealed abnormalities. 
In fact, a return toward normal of abnormally low pre- 
treatment sperm counts in isotretinoin-treated acne pa- 
tients has been noted (Schill et al., 1981). 
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InfJammaiory Bowel Disease 

Synthetic retinoids rarely have been linked with other 
toxicities, such as inflammatory bowel disease. How- 
ever, when four patients with Crohn's disease or ulcera- 
tive colitis were treated with isotretinoin for cystic acne, 
only one patient had an exacerbation requiring the dis- 
continuation of isotretinoin. This suggests that when in- 
dicated, isotretinoin may be used with caution in the 
presence of inflammatory bowel disease (Godfrey and 
James, 1990). 



Chronic Toxicity 

The most common findings observed in animals and 
humans during chronic vitamiia-A intoxication have 
been bony changes. Demineralization, thinning of the 
long bones, cortical hyperostosis, periostosis, premature 
closure of the epiphyses, and other changes have all been 
observed {Frame et al., 1974). Several studies have indi- 
cated that the synthetic retinoids may be capable of in- 
ducing chronic bone toxicities similar to those in chronic 
hypervitaminosis A (Lawson and McGuire, 1987; Carey 
et ai., 1988; Ellis etal., 1988; Kilcoyne, 1988; White and 
MacKLie, 1989; DiOiovanna et al., 1986; Teelmann, 
1981). 

In an early report of bone toxicity, evidence of partial 
closure of the proximal epiphysis of the right tibia, de- 
mineralization, and altered bone remodeling occurred in 
a i 0-year-old boy treated with high doses (3.5 mg/kg/d) 
of oral isotretinoin over 4^ years for epidermolytic hy- 
perkeratosis (Milstone et al., 1982). In another early re- 
port, children with epidermolytic hyperkeratosis, lamel- 
lar ichthyosis, psoriasis, and other disorders of 
keratinization were safely treated with etretinate for 
more than 3 years, but one child developed two trau- 
matic fractures during this therapy (Tamayo and Ruiz- 
Maldonado, 1981). Radiologically, this patient's long 
bones were abnormally slender; however, pretreatment 
X-rays had not been performed. The administration of 
etretinate did not interfere with the overall growth and 
development of these children as monitored by sequen- 
tial height and weight measurements. Subsequent to 
these early reports, etretinate has been reported to pro- 
duce ossification of the interosseous membranes of the 
forearm, premature epiphyseal closure, additional cases 
of fractures secondary to the thinningof long bones, peri- 
osteal thickening, cortical bone resorption, and osteopo- 
rosis (While and MacKJe, 1989). It is known that in rats, 
high-dose vitamin A and high-dose etretinate (3 mg/kg/ 
d) may induce fractures and modeling defects of the long 
bones, with enhanced bone resorption. 

Hypervitaminosis A in adult cats causes the formation 
of confluent exostoses in the cervical spine (Seawright 
and English, 1967). Similady, in 50 patients, of whom 37 
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were receiving etretinate and 13 were receiving isotreti- 
noin for periods beyond 2 years, 9 had osteophytes pres- 
ent at two or three vertebral levels, with calcification of 
the anterior spinal ligament but without disc-space 
narrowing (Gerber et al., 1984). While calcification of 
the anterior spinal ligament can result from degenerative 
joint disease, involvement of the ligament occurs in asso- 
ciation with narrowing of the intervertebral disc space. 
In the study by Gerber et al. ( 1 984) the absence of disc- 
space narrowing was used to eliminate degenerative joint 
disease as a cause of these changes. Eight of 50 patients 
had bone bridging, in which osteophytes connected two 
vertebrae. Patients treated for longer than 2 years with 
isotretinoin at a minimum dose of 1.5 mg/kg/d were 
considered to be at significant risk for developing verte- 
bral osteophytes, calcification of the anterior spinal liga- 
ment, and bony bridging, similar to the findings in idio- 
pathic skeletal hyperostosis and hypervitaminosis A in 
the adult. In a skin-cancer prevention study involving 
patients with xeroderma pigmentosum, calcification of 
the anterior spinal ligament with bony bridging of verte- 
brae was observed after 2 years of isotretinoin therapy (2 
mg/kg/d) (Kraemer et al., 1988). Rarely, ossification of 
the spinal posterior longitudinal ligament has been re- 
ported. Unlike involvement of the anterior longitudinal 
ligament, this change, if progressive, may lead to the in- 
jury of peripheral nerves exiting from the spinal cord, 
and even to spinal cord compression with signs of partial 
spastic, paraplegia (Pennes et al., 1985; Lawson and 
McGuire, 1987). Skeletal changes during retinoid ther- 
apy may not require many years to occur. In a prospec- 
tive study, veaebral osteophytes were observed to form 
within 1 2 months after the initiation of therapy with iso- 
tretinoin at 2.0 mg/kg/d (Shalita et al., 1983; Ellis et al., 
1984). Interference with vitamin D metabolism, leading 
to reduced serum levels of 1 ,25-dihydroxyvitamin D 
[ 1 ,25-(OH)2D3] has been suggested as one possible mech- 
anism by which isotretinoin produces these bony abnor- 
malities (Rodland etal., 1992). 

The spectra of skeletal toxicity of various retinoids 
may differ. Etretinate produces spinal toxicities similar 
to but perhaps less severe than those from isotretinoin 
(Gerber et al., 1984; White and MacFCie, 1989). In a 4- 
month study employing bone scintigraphy, 3 of 1 8 acne 
patients treated with isotretinoin exhibited pathologic 
uptake of a technetium radiolabel in the knee and sacroil- 
iac joints, while all 1 5 psoriasis patients treated with etret- 
inate had normal examinations (Torok et al., 1989). 
Bone scintigraphy is a very sensitive but nonspecific tech- 
nique that can document pathologic changes in bone 
before their detection by conventional X- radiography. 

The skeletal abnormalities in spontaneous (i.e., unre- 
lated to retinoid therapy) diffuse idiopathic skeletal hy- 
perostosis (DISH) include the calcification of tendons 
and ligaments in both the spine and extraspinal loca- 
tions. However, the diagnosis of DISH depends only on 
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the extent of- spinal involvement. Several' studies in 
isotretinoin-treated patients have identified radiographi- 
cally evident spinal abnormalities that are sufficiently 
severe to permit a diagnosis of DISH. The increased risk 
of spinal involvement associated with isotretinoin ther- 
apy has been identified in controlled studies (Gerber et 
al., l984; Tangrea et al., 1992b). 

Involvement of extraspinal sites has also been identi- 
fied in individual isotretinoin-treated patients, but the 
relationship between the spinal and extraspinal involve- 
ment is not clear. While spinal involvement has also 
been observed in etretinate-treated patients, controlled 
studies for this have not been done. However, a con- 
trolled study has found a significant increase in the in- 
volvement of extraspinal sites in patients treated with 
etretinate. Extraspinal tendon and ligament calcification 
was identified as a common toxicity in a study of 38 
patients who received long-term (average, 5 years) etreti- 
nate therapy at an average dose of 0.8 mg/kg body 
weight/d (DiGiovanna et al., 1986). While 32 patients 
(84%) had radiographic evidence of extraspinal involve- 
ment, spinal involvement was uncommon. The extra- 
spinal involvement tended to be bilateral and multifocal. 
The most common areas of involvement were in the feet 
(plantar ligament, insertion of the Achilles tendon) and 
in the pelvis. While the radiographic evidence of extra- 
spinal tendon and ligament calcification did not corre- 
late well with the presence of symptoms, those patients 
with extensive involvement were symptomatic. 

The incidence and severity of bone toxicity may de- 
pend on the total dose of retinoid received. In acne pa- 
tients receiving short-term (4 months) therapy with iso- 
tretinoin at doses ranging from 1.0 to 2.0 mg/kg/d, only 
minimal radiographic abnormalities were observed. 
Small anterior vertebral spurs developed in only 10 of 96 
patients. In some instances the spurs were not visible 
until 7 to 10 months after treatment (Kilcoyne et al., 
1986). Skeletal toxicity has been detected even at very 
low doses of retinoids. In a placebo-controlled skin- 
cancer prevention trial using isotretinoin at a dose of 
only 10 mg/d for 3 years, an enlargement of pre-existing 
vertebral osteophytes was observed in the retinoid- 
treated group. Al this dose level only a few patients devel- 
oped new osteophytes (Tangrea et al., 1992b). 

Factors in the Decision to Use Retinoids 

As with other medications, a risk/benefit ratio should 
be used to determine whether or not to treat a dermato- 
logic patient with synthetic retinoids. The factors that 
should be considered include: 

1. Responsiveness of the disorder to retinoids. The long 
remissions of cystic acne after short-term isotretinoin 
treatment are an optimal response. In some disorders 
of keratinization, improvement may be only modest, 
with relapse expected after the cessation of therapy. 



2. The dose of retinoid required. Diseases requiring 
higher doses involve a greater risk. The use of reti- 
noids in combination with other treatments, such as 
RePUVA for psoriasis, may allow dose reduction. 

3. The availability of alternative treatments. In many 
diseases (psoriasis, acne, lamellar ichthyosis), alterna- 
tive therapies are available. However, in other dis- 
eases (severe Darier*s disease, epidermolytic hyper- 
keratosis) synthetic retinoids may represent the only 
effective treatment. 

4. The chfonicity of retinoid therapy. Diseases that re- 
lapse rapidly following the withdrawal of synthetic 
retinoids, and therefore require continuous retinoid 
administration, are associated with an increased risk 
of chronic skeletal toxicity. In diseases in which reti- 
noids cause remissions, retinoid-free intervals may be 
used to reduce the risk of chronic toxicity. 

5. The severity of the disease. Disease limitations on edu- 
cational, psychologic, or physical development 
should be considered. For example, early retinoid 
treatment of lamellar ichthyosis may prevent the de- 
velopment of ectropion. 

6. The age of the patient. Children wi th disorders of kera- 
tinization requiring chronic moderate- to high-dose 
retinoid therapy are at greatest risk of developing 
bone toxicity. They are at risk of premature epiphy- 
seal closure and, because of a longer lifetime exposure 
to the drug, at higher risk for future development of 
the vertebral changes resembling diffuse idiopathic 
skeletal hyperostosis, 

7. The sex of the patient. Retinoid teratogenicity entails 
special risks for the female patient of childbearing 
age. Although isotretinoin is cleared from the body 
within days, etretinate can be detected in the serum 
for months or even years after the discontinuation of 
its use. 

8. The presence of other disorders that may be aggra- 
vated by retinoids. Renal or hepatic compromise, 
pre-existing hyperlipidemia, or a family history of hy- 
perlipidemia or premature atherosclerotic cardiovas- 
cular disease should be considered in the therapeutic 
assessment. 

9. The concomitant use of other drugs with similar toxic- 
ities. Other drugs than the retinoids are also hepato- 
toxic (methotrexate), elevate serum lipids (estrogens, 
corticosteroids), or rarely produce benign intracranial 
hypertension (tetracycline). 

A decade of experience with isotretinoin and etreti- 
nate in the treatment of dermatologic disease and pre- 
vention of cancer has firmly established a role for syn- 
thetic retinoids as efficacious therapeutic agents. The 
recently identified dramatic response of acute promyelo- 
cytic leukemia to tretinoin has stimulated renewed inter- 
est in the pursuit of new synthetic retinoid derivatives 
(such as the arotinoids) (Orfanos et al., 1987) and new 
indications for the retinoids. With the expanding spec- 
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irum of retinoid-respQnsive diseases, and the continuing 
development of new synthetic compounds, the future of 
the retinoids holds great promise. 
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